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EFFECT OF 


PRIOR PATTERNS OF EXPERIENCE 
UPON STRATEGIES AND LEARNING 


SETS 


JACQUELINE J. GOODNOW AND THOMAS F. PETTIGREW 


Harvard University 


_.~ This experiment was designed to 
w\investigate the effect of experience 
with one pattern of events upon the 
way Ss learn later patterns,. Suppose 
one group of Ss begins by learning 
that there is a consistent pattern of 
reinforcement on a two-choice gam- 
bling device such that one side always 
pays off. We now shift them to a 
schedule in which payoff on the two 
sides is randomly arranged, averaging 
out to 50:50 over a series of trials. 
After exposure to this irregular sched- 
ule, a consistent pattern is reintro- 
duced and the gambling device is 
again paying off regularly on one side, 
not necessarily the same side as before. 
Contrast this group of Ss with another 
treated identically in all respects save 
that they have never experienced an 
initial period of learning a consistent 
pattern of payoff. How quickly will 
the two groups learn the final con- 
sistent pattern? Will the effect de- 
pend upon whether or not Ss in the 
first group begin and end with the 
same side always paying off? Can 
differences in speed of learning the 


1 This research is one of a series of studies 
comprising the Cognition Project, Laboratory of 
Social Relations, Harvard University. The 
authors wish to express their appreciation of Dr. 
Jerome S. Bruner’s advice. 
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final pattern be related to differences 
in ways of responding to the period of 
randomness? 

We know relatively little about 
response to changes in the frequency 
or probability of an event, as in a 
change from 100:0 payoff to 50:50 
and then to 0:100 (9, 15). Recently 
there has been a trend towards looking 
at the problem in terms of “patterns 
of experience” (12, 13).and “patterns 
of reinforcement” (7, 8, 9) rather than 
exclusively in terms of simple fre- 
quency of reinforcement. Difficulty 
arises, however, when one comes to 
describe how it is that a previous 
pattern of experience affects later 
responses. Hilgard regards previous 
patterns of experience as affecting Ss’ 
“expectations”; Hake, Grant, and 
Hornseth (9), following Harlow (11), 
suggest that “learning sets” are in- 
volved. Such terms as expectations 
and learning sets are notoriously 
difficult to define, and one would like 
to be able to describe more specifically 
the effects of previously experienced 
patterns. It seemed to us that an 
analysis of consistencies in the se- 
quence of S’s responses might be 
rewarding (2, 4, 10, 16,19). Suppose 
we find, for instance, that S consis- 
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tently repeats a choice of one al- 
ternative if it pays off but switches to 
the other alternative if he loses. Such 
a consistent way of deciding-or re- 
sponding we shall call a “strategy.” 
Ve hope to be able to show thatt is 


~ “strategies that are affeeted by 


previously experienced patterns. We 
also hope to show that the speed of 


léarning-tater-patterns depends upon 
the appropriateness of the strategy 


previously developed. As one in- 


stance of this, we would like to show 
that experience with 100:0 is con- 
ducive to a strategy of staying with a 
winner and switching from a loser; 
that this strategy is maintained 
throughout the period of randomness; 
and that as a result the pattern of 
100:0 is relearned very rapidly when 
it reappears. 


MeETHOD 


Apparatus —The apparatus and_ general 
procedure have been described in detail else- 
where (6). Briefly, S plays a kind of two-armed 
bandit, with a choice on each trial between 
passing a left key orarightkey. The S activates 
the machine by inserting a chip, and then presses 
the key which he thinks will pay off. If S 
selects the correct key, the apparatus drops a 
chip into a payoff slot. This is counted as a win. 
If no chip comes down, this is counted as a loss. 
The S is staked by E to 200 chips with which to 
play. At the end of the experiment, S is paid 
the difference between the number of times he 
has won and the number of times he has lost. 
The apparatus is operated by £ from an adjoin- 
ing room. The Ss are led to believe, however, 
that the machine is automatic. They are given 
only one piece of information about the way the 
apparatus pays off. This is that one key and 
only one key will pay off on each bet. 

Experimental design.—There were two general 
groups of Ss, one given experience with con- 
sistency leading on to irregularity and then back 
to consistency again, and the other identical save 
that the initial experience of consistency does not 
occur. 

Consistency was represented by two patterns 
of events—100% Left:0% Right and its reverse, 
100% Right:0% Left. Irregularity was repre- 
sented by two patterns of 50L:50R. As in 
many two-choice experiments, 50:50 means 
50:50 occurrence of events rather*than 50:50 


reward. It means that the left key is scheduled 
to pay off on 50% of the trials while the right 
key is scheduled to pay off on the other 50% 
of the trials. One of the 50:50 patterns we shall 
call Short-Run 50:50, a series of 70 trials in 
which the 50:50 probabilities apply to every 
block of 10 trials. The other pattern we shall 
call Long-Run 50:50, a series of 70 trials in 
which the probabilities add up to 50:50 over the 
series of 70 trials but depart from 50:50 in each 
block of 10 trials. In the first block of 10 trials, 
the probabilities are 80L:20R; in the second 
block 40L:60R; and in subsequent blocks 
60L:40R; 30L:70R, 70L:30R, 50L:50R, and 
20L:80R. The terms “short-run” and “long- 
run” apply then in two senses. One is the 
number of trials needed before 50:50 prob- 
abilities apply. The other is the length of run 
of one event with which S is likely to meet, i.e., 
the number of times in a row that one key pays 
off. 

The specific orders of events for different 
groups of Ss are presented in Table 1. In 
general, the groups represent different combina- 
tions of initial consistency as 100L or 100R, 
irregularity as Long-Run 50:50 or Short-Run 
50:50, and final consistency as 100L or 100R. 

The Ss were shifted from one pattern to 
another without any break. Wherever learning 
of a 100:0 pattern was involved, Ss were given 
as many trials as they required to reach a 
criterion of 15 consecutive errorless trials. For 
50:50 patterns, a standard series of 70 trials for 
each pattern was used, the same schedule being 
given to each S within a group. 

Subjects—The Ss were Harvard under- 
graduates, predominantly freshmen. Within 
the limitation that we first filled all groups in 
which Long-Run 50:50 was involved, Ss were 
assigned to groups in order of their appearance 
until there were ten Ss in each group. The Ss 
received a base pay of 75 cents in addition to any 
winnings on the bandit. 


RESULTS 
bi ery can be most easily 
en . . 
presented if we consider first the 


reasons for selecting 100:0 and 50:50 
patterns as appropriate for showing 
the development and-sustaining Of 
strategies and their effect upon speed 


of later learning. 
2 —— nn 


From an analysis of experiments where 
the pattern of events was changed after 
experience with a 100:0 pattern (5, 9, 
15), it seemed that the effect of 100:0 























STRATEGIES AND LEARNING SETS 383 


reinforcement was to lead Ss into what 
can be called a “win-stay; lose-shift’’ 
strategy or procedure. As long as an 
alternative was paying off, Ss seemed to 
be repeating their choices of it, but 
shortly atter it ceased to pay off, they 
would switch to the other alternative and 
stay with it for as long as it paid off. 
Now if this is the effect of experience 
with 100:0, then later behavior will not 
be differentially affected by whether the 
initial experience is one of 100L:0R or 
100R:0L, even though the frequency of 
reinforcement of the two alternatives 
and presumably the response strengths of 
choosing left and right are different. 
Furthermore, the procedure of staying 
with the winning alternative should be 
sustained by Long-Run 50:50 where the 
long runs of either event and the frequent 
shifts from long runs of left to long runs 
of right make the strategy of staying with 
the winning alternative quite appro- 
priate. After 100:0 and Long-Run 
50:50, therefore, Ss should be in an 
excellent position for relearning 100:0, 
and whether the initial and the final 
100:0 are identicals or opposites should 
be of no importance. 

In contrast, Short-Run 50:50 would 
not be expected to sustain the strategy of 
win-stay, lose-shift. One reason is that 


such a strategy leads to a considerable 
number of losses where the runs are short. 
Another way of looking at it is that 
Short-Run 50:50 is conducive to a 
sharply different strategy. From previ- 
ous experiments, we know that Ss given 
a Short-Run 50:50 schedule (this is the 
usual type of schedule in 50:50 studies), 
develop what can be called a “win-?; 
lose-stay”” strategy (14, 19). The Ss 
try to operate on the basis of the probable 
length of a run of events of payoffs. 
If they choose an alternative and it pays 
off, they may or may not switch to the 
other alternative depending on whether 
or not they consider that this is the end 
oftherun. If they switch and lose, then 
they persist with the same choice because 
they consider that the run of payoffs on 
the other alternative is even more likely 
to be over. We would expect, therefore, 
that Ss who start with 100:0 and then 
are shifted to Short-Run 50:50 would 
develop a mixture of both the strategies 
we have described and should be at no 
special advantage when it comes to re- 
learning 100:0. Whether they should 
be at a special disadvantage, we did not 
know. 


Within this framework, let us 
consider first differences between groups 


TABLE 1 


Orper or Events ror DirFERENT Groups, AND MeEpIAN TRIALS TO CRITERION 
or 15 Consecutive Errorvess TriaAts 1n INITIAL AND Finat Puases 
OF THE LEARNING SCHEDULE 




















| Order of Events* 
Group = - 
Initial Interpolated 
1 | A.100L | Long-Run 50:50 
| B. 100R Long-Run 50:50 
2 | A. 100R Long-Run 50:50 
B. 100L Long-Run 50:50 
3 — Long-Run 50:50 
4 -—— Long-Run 50:50 
5 A. 100L Short-Run 50:50 
| B. 100R Short-Run 50: 50 
6 — Short-Run 50:50 
7 - Short-Run 50:50 
| 


} Median Trials to Criteriont 





| Final | 


| 
Initial | Final 


100L 9 2 
100L 7 1.5 
| 100R 8 2 
100R 8.5 | 2.5 
| 100L | 16 
100R 13 
| 100L 7 5.5 
| 100L 6 5.5 
100L | 10.5 
| 100R - 9.5 


| er 





* As indicated, we did not run all eight of the groups that the design ideally calls for. This is because we first 





completed that half of the design which involved Long-Run 50:50, It was then clear that we could eliminate 
from the design the Short-Run 50:50 equivalents of Group 2. 


1 N = 10 each group. 
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in speed of learning a final 100:0 
pattern. Median scores for all groups 
are presented in Table 1. As a sum- 


mary statement before considering 


these scores in detail, the following 
points can be made. The speed with 
which 100:0 is relearned after initial 
100:0 and Long-Run 50:50 is striking. 
This speed is not affected by whether 
or not initial and final 100:0 take the 
same form, e.g., both 10OL:OR or one 
100L:OR and the other LOOR:OL. In 
contrast, initial 100:0 when followed 
by Short-Run 50:50 seems to leave Ss 
little better off when it comes to re- 
learning 100:0 than those Ss with no 
initial experience of 100:0. There 
are also differences between the effect 
of Short-Run and Long-Run 50:50 
when these are preceded by no initial 
training; the Long-Run 50:50 groups 
take longer here to learn final 100:0 
than do the Short-Run 50:50 groups. 


The questions listed below take up 
these points in more detail. The order 
in which the questions are dealt with is 
partly a matter of convenience rather 
than importance, since we wish to ask 
questions in such an order that we can 
increase the size of the sample by com- 
bining groups between which no signifi- 
cant difference is found. 

Question 1.— Does it matter whether S 
starts and ends with the same form of 
consistency, whatever the interpolated 
form of 50:50 is? Does, for instance, 
initial training with 100L lead to any 
faster learning of final 100L than does 
initial training with 100R? 

For the orders of experience used in 
the present experiment, it makes no 
difference whether the initial and final 
100:0 are identicals or opposites. When 
it comes to learning 100L in the final 
phase, for instance, Ss who have initially 
learned 100R learn just as quickly as Ss 
who have initially learned 100L. This 
fits our general hypothesis that it is the 
patterning rather than the frequency of 
reinforcement that is important. 

The statements above are based on 


comparisons within Groups 1, 2, and 5, 
Within each of these groups, half of the 
Ss (subgroups A) start and end with the 
same form of 100:0, e.g., both are 100L; 
the other half of the Ss (subgroups B) 
start and end with reverse forms of 
100:0, e.g., they start with 100R and 
end with 100L. An inspection of Table 1 
shows differences between the halves of 
the groups in the order of only 1 or .5 
in the median trials taken to learn 
final 100:0. For more detailed com- 
parison we used the Mosteller-Bush 
variation of the Mann-Whitney test (17), 
and obtained z scores of .34, .19, and .04 
for Groups 1, 2, and 5, respectively. Az 
of 1.96 is regarded as grounds for reject- 
ing the null hypothesis. Further refer- 
ence to the z scores will be with reference 
to values obtained by the Mosteller-Bush 
form of the Mann-Whitney test. In the 
present context, the values of z obtained 
certainly substantiate the lack of differ- 
ence between subgroups suggested by 
the medians in Table 1. Initial ex- 
perience with 100L is as useful as ex- 
perience with 100R for later learning of 
100R. The question now arises of how 
useful initial experience with 100:0 is. 

Question 2.—Is the final learning of 
100:0 affected by previous experience 
with 100:0 as compared with no initial 
experience of 100:0? 

This is one of the most important 
questions we are asking and the results 
are unequivocal. Final learning of 100:0 
is definitely faster after initial experience 
of 100:0 or 0:100 than it is after no such 
experience, even though the initial and 
final experience of consistency are sepa- 
rated by 70 trials of 50:50 payoff. The 
difference is especially marked where 
Long-Run 50:50 is involved, Ss with 
initial experience of 100:0 taking a 
median of only 2 trials to learn final 
100:0 and Ss without experience of 100:0 
taking a median of 13.5 trials. 

To determine the effects of initial 
experience of 100:0 as compared with 
no initial experience of 100:0, many 
comparisons could be made. However, 
we followed the simpler procedure of 
establishing first that there was no 
significant difference in the speed of 
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learning final 100L and learning final 
100R,? and then pooled Groups 1 and 2, 
3 and 4, and 6 and 7. ‘We found only 
slight differences between learning 100L 
and learning 100R, generally in favor of 
faster learning of 100R, and none of the 
differences is statistically significant, the 
highest value of z being 1.06. 

When we compare Groups 1 and 2 
(initial experience of 100:0 and Long- 
Run 50:50) with Groups 3 and 4 (no 
such initial experience), we find that the 
median trials for final learning of 100:0 
are 2 and 13.5 respectively. With the 
Mann-Whitney test, zis 4.82. When we 
compare Group 5 (initial experience of 
100:0 and Short-Run 50:50) with Groups 
6 and 7 (no such initial experience), the 
median trials for final learning of 100:0 
are 5.5 and 9.5, respectively, and the 
value of z is 2.55. Clearly initial 
experience with 100:0 is an advantage in 
final learning of 100:0, and the ad- 
vantage is greater with Long-Run 50:50 
than with Short-Run 50:50. 

Question 3—Does experience with 
Long-Run 50:50 as against Short-Run 
50:50 have a differential effect on the 
final learning of 100:0? 

Long-Run 50:50 and Short-Run 50:50 
do have differential effects upon the 
speed of learning final 100:0 but the 
direction of the difference depends on 
whether S experiences the 50:50 pattern 
after experience with 100:0 or at the 
very beginning of the learning schedule. 
Where the 50:50 patterns occur after 
experience with 100:0, Long-Run 50:50 
leads to faster learning of final 100:0 


2 We had trained some groups to learn final 
100L and some groups to learn final 100R pre- 
dominantly as a control against any interaction 
effects between the form of the final learning and 
any inadvertent patterning in the experimental 
schedule towards the end of the 50:50 period. 
For much the same reason we checked the effect 
of having especially long runs of payoff on one 
side at the beginning and end of the Long-Run 
50:50 period. We checked this by running a 
control group where the Long-Run 50:50 phase 
started with a 60:40 rather than a 80:20 block 
of 10 trials and ended with the same block of 
50:50 as in the Short-Run 50:50. The speed 
of learning final 100:0 was not affected by this 
rearrangement of the Long-Run 50:50 schedule. 


than does Short-Run 50:50. Where. 
however, there has been no initial ex- 
perience of 100:0, the findings are re- 
versed, and Short-Run 50:50 leads to 
faster learning of final 100:0. This 
reversal is a reasonable result and is in 
line with arguments on resistance to 
extinction being a function of the dis- 
criminability of the difference between 
the new and the preceding pattern of 
events. 

To test for differential effects where a 
50:50 pattern occurs after initial ex- 
perience with 100:0, we compared Group 
1 (Long-Run 50:50) with Group 5 
(Short-Run 50:50). The result is in 
favor of faster learning of 100:0 after 
Long-Run 50:50. Median trials to cri- 
terion are 2 and 5.5, respectively; the 
value of zis 4.67. To test for differential 
effects where there has been no initial 
experience of 100:0, we compared Groups 
3 and 4 (Long-Run 50:50) with Groups 
6 and7 (Short-Run 50:50). The result 
is in favor of faster learning after Short- 
Run 50:50. Median trials to criterion 
are 13.5 and 9.5, respectively; the value 
of z is 2.08. 

Question 4.—Are there any differences 
between learning 100:0 in the initial 
phase and learning 100:0 after different 
forms of previous experience? 

Differences in speed of initial and final 
learning vary with the kind of experience 
which precedes the final 100:0. Where 
Ss have learned 100:0 or 0:100 and have 
then experienced Long-Run 50:50, final 
learning of 100:0 is very much faster. 
Where Ss have learned 100:0 or 0:100 
and have then experienced Short-Run 
50:50, final learning of 100:0 is no faster 
than initial learning of 100:0, even 
though relearning is involved and some 
savings might be expected. Where Ss 
have not had initial learning of 100:0, 
they take longer to learn final 100:0 than 
Ss normally take for initial learning of 
100:0, the difference being especially 
marked after Long-Run 50:50. 

The statements above are based on the 
following comparisons. For Groups 1 
and 2, which both have Long-Run 50:50 
interpolated between initial and final 
learning of 100:0, we compare Ss’ final 
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learning against their own performance 
on initial learning. The difference is 
very much in favor of faster final learning 
of 100:0. Median trials to criterion are 
2 and 7.5, respectively; the value of z is 
6.52. The same kind of comparison is 
made for Group 5, which has interpolated 
Short-Run 50:50. Here we find no 
difference between the speed of initial and 
final learning of 100:0. Median trials 
are 6.5 and 5.5, respectively; z is .55. 
For groups with no initial experience of 
100:0, we cannot compare groups against 
themselves. We use as a best estimate 
the initial learning of all other groups 
(N = 60). Comparing Groups 3 and 4 
(Long-Run 50:50) and Groups 6 and 7 
(Short-Run 50:50) against this standard, 
we find that final learning in both these 
groups takes longer than initial learning 
of 100:0 normally takes. Median trials 
to criterion are 13.5 and 9.5, respectively, 
as against a median of 7.5 in the standard 
groups; the values of z are 6.23 and 3.25, 
respectively. 


Differences in strategies shown during 
the 50:50 period.—It will be recalled 
that we hoped to show not only that 
differences existed in speed of final 
learning, but also that these differ- 
ences could be related to consistent 
sequential response patterns during 
the 50:50 period. We turn now to an 
analysis of the ways in which Ss 
decided between alternatives, as in- 
dicated by differences in the way Ss 
respond to wins and losses on the 
previous choice.* 


The method for this analysis is as 
follows. We distinguish between four 


’We have also checked for differences be- 
tween groups in (a) the total choices of left and 
right during the 50:50 period, which might be 
expected to differ after 1OOR as compared with 
after 100L, and (b) the lengths of runs of 
answers, which might be expected to differ after 
initial 100:0 as compared with no such initial 
experience. Total choices of left and right are 
differentially affected by 100R and 100L only 
for the first 10 trials of the 50:50 period. Ap- 
parently, the effect of initial reinforcement fades 
quickly. Lengths of runs of angwers are 
amazingly similar in all groups. 
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kinds of preceding trial in terms of the 
choice made (left or right key) and its 
outcome of win or loss. We then deter- 
mine for each group the number of 
times that each kind of trial is followed 
by a choice of left and the number of 
times it is followed by a choice of right. 
We may find, for instance, that in Group 
1 choices on trials immediately after a 
successful choice of left consist of 


81% left key choices: 
19% right key choices. 


This ratio we compare with the over-all 
incidence of left and right choices in 
Group 1. We find that total choices are 
made up of 


52% left key choices: 
48% right key choices. 


Clearly, Ss in Group 1 are persisting 
with a choice of left, after a win on left, 
to a considerably greater extent than 
one would expect them to on the basis 
of their over-all choices of left. If we 
find the same tendency to persist with a 
choice of right when it pays off, we can 
argue that S has a general tendency to 
“stick to a winner.” Our next step is 
to argue that it is this “strategy” of 
sticking with a winner and not persisting 
with a loser that enables Group 1 to 
respond so appropriately to a new pattern 
of final 100:0. 

The incidence in all groups of left and 
right choices following win or loss on the 
previous choice is given in Table 2. 
Groups starting with 100:0 and then 
experiencing Long-Run 50:50 (Groups 
1 and 2) show a marked tendency to 
repeat a previously successful choice. 
The ratio is 3 or 4 to 1 in favor of staying 
with a successful choice. This kind of 
strategy seems highly appropriate for 
the quick relearning of 100:0 shown by 
Groups 1 and 2. 

Groups starting with Long-Run 50:50 
also show a strong tendency to repeat a 
previously correct choice. The ratio is 
1.5 or 2 to 1 in favor of staying with a 
successful choice. In contrast with 
Groups 1 and 2, however, these Ss take 
a long time to learn final 100:0. The 
difference between the groups can be 
explained most easily by a specific 
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TABLE 2 


IncIDENCE OF LEFT AND Ricut Cuoices, AND Proportion or Lert Cuoice 
Fottowinc Four Kinps or Precepinc TRIAL 





(Data for Trials 11-70 of 50:50 period) 





Event on Preceding Trial and Subsequent Choice 





Chose L Chose L 


Group and Won and Lost 





L R %L) L R | %L 


1 & 2 (100:0 & | 462 | 110** | 81% | 374 | 329 | 53% 
Long-Run 
50:50) 











3 & 4 (Long-Run | 204 | 91* | 69% | 1934160 | 55% 


50:50 but no 

initial 100:0) 
5 (100:0 & 

Short-Run 


50:50) 
6 & 7 (Short-Run | 172 | 140 55% | 174 | 95* | 65% 


50:50 but no 
initial 100:0) 


























Chose R Chose R 
and Won and Lost 


1 & TSE Lt | rk |%L| L 
127 | 448** | 22% 289 | 261 33% |1252 —— 


| 
| | 
119 | 168* | 41% | 129 | 136 is | vad =e 
195* | 30% | 612| see | 51% 
m | 
31% | 585| 615 | 49% 


| | 
| | | | 








104 | 165* | 39% 126 | 
150 |180 | 45%| 89 | 200* 

















* Significant at 1% level. 


** Significant at .1% level. Significance levels established with binomial probability paper (18). 


example. Where there is a run of 5 
payoffs on the left key, Ss who have had 
initial experience of 100:0 (Groups 1 and 
2) tend to stay with the left key until the 
run is completely over. Only when it 
ceases to pay off do they switch to the 
right key. In contrast, Ss who are 
experiencing Long-Run 50:50 without 
initial experience of 100:0 tend to stay 
with the left key for perhaps three or 
four of its payoffs but then to switch 
before the run is completely over. They 
have learned to anticipate longer runs of 
payoffs but they have not learned to ride 
the whole run out. When final 100:0 
appears, they tend to play the 100% side 
for a number of times in succession but 
then to switch away from it. 

Of the groups experiencing Short-Run 
50:50 (Groups 5, 6, and 7), let us first 
consider those groups which have no 
initial experience of 100:0 (Groups 6 
and 7). These groups show a marked 
tendency to persist with an unsuccessful 
choice. This same tendency has been 
reported in other experiments using Short- 
Run 50:50 schedules (14). What hap- 
pens is that Ss operate on the basis of 
the probable length of a run of payoffs. 
When they consider, for example, that a 
run of left payoffs is about to cease, they 
switch to right. If right does not pay 
off, Ss choose it again because they figure 


that the chances are now even better 
that the run on the left is over. It is not 
clear whether Ss generally expect runs 
to be shorter than are found in the 
experimental schedule or whether they 
operate on the basis of a modal run. On 
either basis, the strategy of persisting 
with an unsuccessful choice is likely to 
lead, as it does, to slower learning of 
final 100:0. 

What of the group of Ss who experi- 
ence initial 100:0 and then Short-Run 
50:50 (Group 5)? From the initial 
100:0, they should learn to persist in 
choosing the key which is paying off. 
From the Short-Run 50:50, they should 
learn to persist with the key which is not 
paying off. In general, they should show 
either a mixture of both strategies or elsc 
show a replacement of the win-stay 
strategy by a lose-stay strategy. It is 
the former—a mixture of both strategies 
—which we find at all stages of the 50:50 
period for this group. Whatever hap- 
pens, Ss tend to repeat their previous 
choice. Whether this is a true mixture 
of strategies, confusion, or a new pro- 
cedure in its own right is difficult to 
determine. Ideally, we could carry the 
analysis further and either check the 
previous two or three trials or use an 
autocorrelation technique, but we are not 
sure that this would be rewarding. 
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Judging from Ss’ statements and the 
relief with which they greet final 100:0, 
confusion and conflict is our best guess. 
In any case, it seems quite plausible that 
these Ss should learn final 100:0 neither 
faster nor more slowly than they learn 
initial 100:0. 


Discussion 


le started thi eriment with the 
hope of showing that/experience with one 
pattern o Scan have a predictable 


ffect upon: earning of later patterns 

of events, and thatthe effect-can—be 
mediated by the kind of strategy induced 
by the patterns previously experienced 
and the appropriateness of this strategy 
for later learning. | We feel that these 
points have-been quite well established. 
On a more general level, the results point 
to the usefulness of considering the 
problem of response to change in event 
occurrence in terms of such broad units 
as patterns of experience and sequential 
response patterning or what we have 
termed “strategies.” 

The effect of strategies needs to be 
regarded astwofold. In some situations, 
we can ask simply whether or not the 
strategy developed by S is directly ap- 


propriate for ease of later learning.» 


This is the main factor in the ease with 
which final 100:0 is learned after a win- 
stay strategy has been developed during 
initial 100:0 and has been sustained 
throughout Long-Run 50:50. In other 
Situations we need to ask whether the 
strategy which S brings to the new 
learning is indirectly appropriate in that 
it throws the changed pattern of events 
into relief and makes it highly discrimin- 
able. This seems to be the case in the 
faster learning of 100:0 after Short-Run 
50:50 than after Long-Run 50:50 (when 
S has had no prior experience with 
100:0). It is not only that Ss in Short- 
Run 50:50 have never experienced any- 
thing like such a long run before. It is 
also that the strategy of persisting with 
a wrong choice leads to such consistent 
error in the final 100:0 stage that they 
cannot overlook the change in the pattern 
of events. We are currently carrying 
out further research to provide more 
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evidence of this indirect effect of strate- 
gies upon later learning. 

Even granted this twofold effect, the 
question arises of whether one can cover 
all the possible effects of patterns of 
experience with such a concept as 
strategy. Our answer to this is no. 
There are undoubtedly other factors 
operating, even in the present experi- 
ment, that are more in the nature of 
general “learning sets.”” We shall men- 
tion two of these which are of particular 
interest. 

The first is a question of the extent 
to which a particular order of experience 
teaches one to keep on watching how 
events occur rather than to regard the 
problem as solved and requiring only the 
repetition of previous procedures. This 
kind of learning set is probably most 
affected by experience with a number of 
transitions or reversals (9, 11), or by a 
lower than satisfactory level of success 
with previous procedures, or by the 
presence of different but recurring con- 
tingencies among events (10). 

The second is a question of the extent 
to which a particular order of experience 
teaches one to ride with the pattern of 
events and to build hypotheses only after 
observation, rather than to use the 
events simply as a way of checking 
hypotheses independently or prematurely 
conceived. Differences in this kind of 
learning set seem to be largely responsible 
for the considerable differences among Ss 
in speed of initial learning of 100:0. 
The range is from 0 to 23 trials. Similar 
differences in problem-solving sets have 
been noted on an historical level by 
Stevens (20) and on an experimental 
level by Adishashiah (1). They seem to 
deserve greater prominence in the field of 
learning, especially where the situation 
calls for an awareness of the pattern of 
events and a matching of responses to 
this pattern. 


SUMMARY 


The Ss chose on each trial between betting on 
the left or the right key of a kind of slot machine. 
Probability of payoff on the two keys is varied by 
E. The major interest is in the speed with which 
three groups of Ss learn the final set of prob- 
abilities. One group of Ss (A) starts with the 
left key always paying off (100L:0R), is then 
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switched to a randomly arranged 50L:50R, and 
finally brought back to 100L:0R. A second 
group of Ss has the same experience except that 
in the initial phase 100R:O0L is substituted for 
100L:0R. A third group has no initial ex- 
perience with 100:0 but starts off with 50:50. 


The main results are as follows: 


1. In the final phase, having had initial 
experience with 100:0 is an advantage over 
having no such experience, even though 70 trials 
of 50:50 intervene between initial and final 
learning. It makes no difference, for the final 
learning of 100L:0R, whether the initial ex- 
perience is of 100L:0R or of 100R:OL. 

2. The speed of final learning varies with the 
arrangement of the 50:50 phase. For example, 
if events in this phase are arranged with a pre- 
dominace of long runs, final learning in Group A 
is extremely fast (median of 2 trials as against 5.5 
trials when the 50:50 phase has a predominance 
of short runs). 


An analysis of response sequences shows that 
both these results are related to the way prior 
experience establishes and sustains consistent 
patterns of choice or “strategies,” e.g., in 
Group A fast final learning of 100:0 follows the 
use throughout the 50:50 phase of a strategy of 
staying with a winning key and shifting from a 
loser. It is suggested that an analysis of such 
“strategies” is of value in obtaining more specific 
descriptions of the effect of prior experience upon 
later learning. 
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A SOURCE OF DECREMENT IN PSYCHOMOTOR 
PERFORMANCE! 


JACK A. ADAMS? 


Skill Components Research Laboratory, Air Force Personnel and Training Research Center 


It would seem reasonable to pre- 
sume that a single measure of per- 
formance commonly taken for a trial 
on a complex psychomotor task is 
actually a composite score represent- 
ing S accomplishment in several com- 
ponent responses. An S on the 
Rotary Pursuit Test not only makes 
the circular tracking response with his 
arm and hand but, at the same time, 
executes responses of visual discrimi- 
nation, visual pursuit, and postural 
adjustment which are less obvious 
than the arm-hand response but 
nevertheless intimately linked with 
measured tracking proficiency. 

Grice and Reynolds (4) have used a 
hypothesis based on response com- 
plexity considerations to account for 
reminiscence in the bilateral transfer 
of the rotary pursuit response (4, 6, 7, 
9). The hypothesis accounts for this 
reminiscence in terms of the dissipa- 
tion of reactive inhibition over rest for 
these less obvious component re- 
sponses and the resulting increase in 
their reaction potentiality. Thus, in 
a bilateral transfer reminiscence in- 
vestigation, part of the decrement 
observed in an initial training session 
results from reactive inhibition gen- 
erated through repetition of these less 
obvious component responses. Then 


! The experimental work for this study was 
performed as part of the United States Air 
Force Human Resources Research and Develop- 
ment Program. The opinions or conclusions 
contained in this report are those of the author. 
They are not to be construed as reflecting the 
views or indorsement of the Department of the 
Air Force. 

2 Now at the Interceptor Pilot Research 
Laboratory, Tyndall Air Force Base, Florida. 


in a subsequent rest period, reactive 
inhibition dissipates and these re- 
sponses increase in strength. When 
practice is resumed with the opposite 
hand in the final training session, a 
rest group will have higher time-on- 
target scores than a no-rest group 
because of the increase in strength for 
component responses common to the 
participation of either body member. 
Supporting evidence for this hy- 
pothesis would require a demonstra- 
tion. that repetition of a component 
response common to either hand con- 
tributes to time-on-target decrement 
and that this decrement dissipates 
over interpolated rest. The data of 
the present experiment bear on this 
issue. 

Research findings to be reported are 
concerned with decrement in the 
over-all measured response arising 
from repetition of a component re- 
sponse. The component response 
selected for manipulation has been 
termed the visual response. The Ro- 
tary Pursuit Test, which was used in 
this experiment, can be considered a 
tracking task where S must visually 
perceive a target, continually dis- 
criminate the discrepancy between 
stylus tip and target, and attempt to 
correct this discrepancy by making 
appropriate arm-hand movements. 
Since this visual response of pursuit 
and discrimination is critical to suc- 
cessful performance of the task, in- 
hibition of it through repetition should 
be reflected as decrement in the 
measured time-on-target score. Fur- 
ther, interpolated rest should lead to 
an increase in visual response strength 
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and a consequent increase in the level 
of time-on-target. 


METHOD 


Apparatus.—A 15-unit Rotary Pursuit Test 
was used and has been described elsewhere 
(8, p. 329-398). Time-on-target scores were 
recorded in units of .001 min. on Standard 
Electric timers. At the beginning of each trial, 
the disks turned and a buzzer sounded for 1.5 
sec. before the clocks could be activated. Trial 
periods and intertrial rest periods were cycled 
automatically by Hunter interval timers. 

Subjects—The Ss were 356 basic airmen 
trainees drawn from the population available at 
Lackland AFB, Texas. Subgroups of 10 to 15 
Ss were randomly assigned to the five main 
groups in the experiment. 

Procedure-—For all groups, trial length was 
1 min. and intertrial rest was 10 sec. except 
before and after the interpolated period where 
intertrial rest was increased to 30 sec. for 
instructional purposes. The groups and their 
experimental treatments were as follows: 

Group A was the principal experimental 
group. Repetition of the visual response was 
interpolated between an initial and final practice 
session on the Rotary Pursuit Test. If exercise 
of the visual response is a source of decrement, 
then this group should have a lower performance 
level in the final session than the control condi- 
tions. Each S in this group had a partner who 
practiced on the unit to his left. Ten initial 
trials were given. Following Trial 10, Group A 
Ss were instructed to lay aside their styluses 
and note the small box at the left hand side of 
each unit. These were dummy boxes (Ss were 
not informed of this) with the button of a 
plunger-type microswitch protruding from the 
center and a pair of wires leading to the under- 
side of the table. They were then told to (a) 
observe the performance of their respective 
partners during the next series of trials and 
depress the button on the box whenever they 
judged them to be on the target, and (b) press 
the button with the hand opposite to the one 
which held the stylus. This latter procedure 
was used to minimize expenditure of effort for 
the arm used in making the rotary movement. 
Twelve trials were then given in which the 
partners continued practicing on the Rotary 
Pursuit Test and Group A Ss observed them and 
pressed the button whenever they judged them 
to be on target. Following these button- 
pressing trials, Group A Ss and their partners 
practiced as a common group for 10 trials. 

Group B was a control group. A rest period 
of 14 min. and 50 sec. was interpolated between 
an initial and final practice session of ten trials 


each 4nd it was taken in a central waiting room 
where Ss sat and smoked, chatted, etc. 

Group C was a control to evaluate the effects 
of button pressing per se. The possibility was 
admitted that work or interference effects of the 
button-pressing activity of Group A could lead 
to decrement in the final session quite independ- 
ently of exercising the visual response. This 
group was a control for this possibility in that it 
had the same button-pressing activity as Group 
A but in response to an auditory signal rather 
than to the stimulus of a partner’s performance. 
An initial and a final practice session of ten 
trials each were given. Interpolated between 
these two sessions were 12 trials of button 
pressing to a clearly audible click. Time 
interval between clicks was either .50, 1.0, or 
1.50 sec. and the sequence of these interclick 
intervals was unsystematic. Button pressing 
was with the hand opposite to that which held 
the stylus. 

Group D was the same as Group B except that 
the rest was taken in the testing room. These 
Ss stood in front of the apparatus during the 
rest period and were not permitted to lean on the 
table, smoke, or talk. Their purpose was to 
serve as control for the possibility that any 
decrement observed in the final session for 
Group A could be attributed to general fatigue 
arising from merely standing during the rest 
period and not necessarily to exercise of the 
visual response. 

Group E received the same treatment as 
Group A except that a 10-min. rest in the 
central waiting room was interpolated between 
the end of the button-pressing session and the 
beginning of the final session on the Rotary 
Pursuit Test. It was expected that work in- 
hibition would develop through exercise of the 
visual response in the button-pressing trials in 
the same fashion as for Group A, but that it 
would dissipate over the 10-min. interpolated 
rest period. The final session for this group was 
therefore expected to be essentially at the same 
level as Group B which merely rested. 

The data of men who served as partners for 
Ss in Groups A and E were not analyzed since 
their sole purpose was to provide stimuli during 
the 12 button-pressing trials. The N for 
Groups A, B, C, D, and E, were 75, 74, 71, 74, 
and 72, respectively. 


RESULTS 


Figure 1 shows the mean perform- 
ance curves for the five groups. All 
groups received identical treatment in 
the initial ten trials and all are 
essentially at the same level. Using 
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total score for the first ten trials as the 
measure, a simple analysis of variance 
test of the null hypothesis was made 
for the mean performance level in the 
initial session. An F of 1.11 for 4 and 
361 df resulted in a retention of the 
hypothesis tested. 

The final ten trials reflect the effect 
of the experimental manipulations and 
here the groups are differentiated. 
Group A, which had repetition of the 
visual response during the interpolated 
period, is well below the level of 
Group B which rested in the central 
waiting room. A test of the null 
hypothesis for the mean performance 
level in the final session was made for 
these two groups. Covariance anal- 
ysis was used with the regression being 
total score for the final ten trials on 


total score for the first ten trials.’ 
The ratio of the adjusted between- 
groups mean square to the adjusted 
within-groups mean square yielded an 
F of 16.88 for 1 and 146 df and per- 
mitted a rejection of the null hy- 
pothesis beyond the 1% level. The 
activity of Group A in the inter- 
polated interval clearly served to 
depress performance below the rest 
condition. 

Group E was to provide information 
on the stability of the decrement in 
Group A and it received the same 
experimental treatment as Group A 
except that a 10-min. rest was given 
between the end of button pressing 
and the beginning of the final practice 


3'These same measures were used in all 


covariance analyses made, 
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session. Inspection of Fig. 1 shows 
that Group A’s decrement is transi- 
tory in nature since the rest period 
resulted in Group E’s performance 
reminiscing to the level of Group B’s. 
Covariance analysis was employed to 
test the null hypothesis for Groups A 
and E in the final session. The F of 
23.06 for 1 and 144 df was significant 
beyond the 1% level and indicated 
that the additional 10-min. rest given 
Group E significantly affected per- 
formance. To test the hypothesis 
that Group B had reminisced to the 
same level as Group E, covariance 
analysis was used to evaluate the 
difference in their performance level 
in the final session. The F of .15 for 
1 and 143 df sustained the hypothesis. 

Groups C and D were control con- 
ditions included to more specifically 
identify sources of Group A’s decre- 
ment. Group C was a check on 
whether button pressing per se led to 
work or interference factors that 
might effect performance in the final 
session, and Group D evaluated the 
possible decremental effects of merely 
standing during the _ interpolated 
period. The curves for these two 
groups in the final session have es- 
sentially the same level and trend and 
tend to fall above Group A but below 
Group B. The same level and trend 
suggests the hypothesis that button 
pressing to the auditory cue con- 
tributed no decrement beyond that 
generated by standing. Covariance 
analysis was used to test the null 
hypothesis for these two groups and 
an F of .68 for 1 and 142 df sup- 
ported the hypothesis. To determine 
whether the standing response for 
Groups C and D placed them reliably 
below Group B which rested, the null 
hypothesis for these three groups was 
tested by covariance analysis. The 
obtained F of 2.57 for 2 and 215 df 
was significant between the 5 and 10% 
level and did not allow rejection of the 


hypothesis tested. It would appear 
that apparent decrement for Groups 
C and D in Fig. 1 is not supported 
statistically. To evaluate whether 
repetition of the visual response for 
Group A led to the development of 
decrement that could not be ascribed 
to the standing response, covariance 
analysis was used to test the null 
hypothesis for Groups A, C, and D. 
The F of 4.38 for 2 and 216 df was 
significant at the 2% level and per- 
mitted rejection of the hypothesis 
tested. It should be noted that the 
accumulation rate of inhibitory factors 
differs for Group A and Groups C 
and D since their substantial differ- 
ence in the initial trials of the final 
session is absent at the end of the 
session. 

A noteworthy finding is that repeti- 
tion of the visual response for Group 
A serves to reduce noticeably the 
sharp initial rise in the final session 
performance curve which has come to 
be regarded as the warm-up segment 
(1, 2, 5). ; 

Discussion 


The results established that a source 
of decrement in the measured rotary 
pursuit response is repetition of the 
response S must make in visual pursuit of 
the target and in distinguishing the dis- 
crepancy between stylus tip and target. 
Further, evidence was presented to show 
that this decrement dissipates over rest. 
There was a suggestion that part of the 
decrement observed for the visual re- 
sponse could be ascribed to another 
component response of standing but this 
hypothesis could not be retained with 
confidence. 

These findings make it plausible to 
assume that, in a study of bilateral 
transfer of the rotary pursuit response, 
repetition of the visual response in an 
initial practice session results in the 
generation of reactive inhibition. When 
practice in a final session is undertaken 
with the opposite hand, a group receiving 
intersession rest will show superiority 
over a no-rest group because inhibition 
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dissipation results in an increase in 
strength for the visual response which is 
a determiner of proficiency for either 
hand. The presumption would be that 
the visual response is only one of such 
component responses functioning in this 
fashion. 

Repetition of the visual response in the 
interpolated period served to reduce the 
amount of warm-up decrement in the 
final session and this finding corroborates 
Irion’s research (5) where interpolation 
of color naming reduced the amount of 
warm-up decrement in paired-associates 
learning. Ammons (3), however, failed 
to affect warm-up decrement by requir- 
ing ocular following of the target of the 
Rotary Pursuit Test during an inter- 
polated session. The discrepancy be- 
tween the present findings and Ammons’ 
results is probably due to the pro- 
cedures used in each case to insure S 
response. The method of evoking the 
visual response in the study reported 
here seems to guarantee S participation 
more effectively than Ammons’ instruc- 
tional approach. Irion’s use of color 
naming in the verbal learning situation 
would seem to similarly guarantee S 
participation. 

One shortcoming should be noted in 
the use of interpolated activity to lessen 
amount of warm-up decrement. Al- 
though button pressing reduced the 
amount of Group A’s warm-up decre- 
ment, it also led to the accrual of reactive 
inhibition and a consequent lowering of 
general performance level in the final 
session. A worthwhile research effort 
would be to determine whether relatively 
small amounts of interpolated activity 
would materially reduce warm-up decre- 
ment but would generate negligible 
reactive inhibition. Future research will 
have to develop these relationships be- 
tween warm-up decrement, decrement 
due to reactive inhibition, and the nature 
and amount of interpolated activity. 


SUMMARY 


The single performance measure recorded for 
a trial on a psychomotor task can be regarded 
as a gross index of the level of several component 
responses constituting the response scomplex. 


ADAMS 


Certain component responses are readily ob- 
servable and unquestionably related to pro- 
ficiency, but others such as visual discrimination 
and bodily adjustment are less obvious and their 
role in determining over-all performance level 
has been commonly ignored. Under investiga- 
tion was the effect of component response 
repetition on decrement in the measure of 
over-all performance in the task. 

The Rotary Pursuit Test was used. The 
component response of visual pursuit and 
discrimination was studied and was evoked by 
having S press a button each time he judged his 
partner to be on target. It was established that 
interpolation of visual response repetition led to 
significantly lower time-on-target scores in a 
final practice session. Control groups showed 
that this decrement could not be attributed to 
work or interference effects of button pressing 
per se or the general fatigue effects of standing. 
Another group demonstrated that this decrement 
dissipated over rest. Reduction in amount of 
warm-up decrement also resulted from repetition 
of the visual response. Implications for remi- 
niscence in bilateral transfer were discussed. 
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LATENT EXTINCTION AND THE REDUCTION 
OF SECONDARY REWARD VALUE! 


HOWARD MOLTZ 


University of Illinois* 


Gleitman, Nachmias, and Neisser 
(3) posed the following question with 
reference to the S-R reinforcement 
theory of extinction: “Is performance 
a necessary condition for the extinc- 
tion of a response”’ (3, p. 27? Haull’s 
theory of extinction would appear to 
require an affirmative answer, since 
reactive inhibition and conditioned 
inhibition could not develop unless 
the response, or some component of 
the response, was performed. 


In order to test the hypothesis that a response 
can be weakened without that response being 
performed, Seward and Levy (5) trained rats 
to run down an elevated pathway to food. 
Following the last trial of learning, the experi- 
mental Ss were placed on the goal platform for 
five 2-min. periods. During these periods the 
goal platform contained the food cup but did not 
contain food. Control Ss were placed on a 
neutral platform for the same length of time. 
Seward and Levy concluded that the response 
tendency to run down the pathway was weak- 
ened without the response having been elicited, 
since the experimental Ss reached an extinction 
criterion in significantly fewer trials than the 
control Ss. The experimental Ss also ran more 
slowly than the control Ss during the extinction 
trials. 

Bugelski, Coyer, and Rogers (1) took issue 
with the experimental design employed by 
Seward and Levy, pointing out that the experi- 
mental and control Ss were detained on different 
platforms not only prior to extinction (pre- 
extinction experience), but also during the 
extinction trials. Bugelski, Coyer, and Rogers 
repeated the experiment with an additional 
control group that consisted of rats who were 
not given pre-extinction experience but who, 
like the experimental Ss, were detained on the 
food platform between extinction trials. They 
failed to obtain evidence that pre-extinction 





1 An abstract of this paper was presented at 
the 1954 meeting of the American Psychological 
Association. 

2 Now at Brooklyn College. 
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experience on the food platform decreased 
significantly the number of trials to extinction. 

Deese (2), however, found that pre-extinction 
experience was effective in reducing the strength 
of a response tendency. Deese used a U maze 
with one alley painted black that led to a black 
goal box; the other alley was painted white, and 
led to a white goal box. Food was placed in one 
of the goal boxes and all Ss were trained to a 
position habit. Following the last learning 
trial, the experimental Ss were given the op- 
portunity to observe that food was no longer 
present in the goal box by being placed in the 
empty goal box for four l-min. periods. Deese 
found that Ss who were placed in the goal box 
made a smaller proportion of correct responses 
when subsequently run to extinction than 
control Ss who were not “given the opportunity 
to inspect the empty goal box” (2, p. 366). 


It is the present author’s contention 
that although the results of Seward 
and Levy (5) and Deese (2) could 
not have been predicted from Hull’s 
response-induced inhibition theory of 
extinction, these results can be inter- 
preted in terms of Huli’s general 
behavior theory (4). Accordingly, 
the purpose of the present experiment 
is to test the hypothesis that following 
training in a T maze, placing animals 
directly in the goal box without the 
presence of food (latent extinction) 
will reduce or eliminate the secondary 
reward value of cues present in the 
goal box, and that the effect of latent 
extinction in decreasing the number of 
subsequent trials to extinction will be 
dependent on this reduction or elimi- 
nation of secondary reward value. 
If it is shown that one or more cues 
in the goal box had acquired second- 
ary reward value, then the condition 
necessary for testing the experimental 
hypothesis would be satisfied. 

Throughout the present study the 
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term “latent extinction” will refer to 
the experimental procedure of placing 
animals in the correct goal box for 
four l-min. periods without the pres- 
ence of food. The term will not be 
used to refer to a process or to a state 
of the organism. 


MeETHOD 


Subjects and apparatus——The Ss were 60 
experimentally naive, male albino rats of the 
Sprague-Dawley strain. The ages of Ss ranged 
from 100 to 150 days at the beginning of the 
experiment. 

The apparatus was a single-unit T maze and 
a straight alley. The starting box, arms, and 
stem of the maze were painted gray. The goal 
boxes were identical and were painted black. 
The roof of the maze was covered with .25-in. 
mesh hardware cloth. Black cloth curtains 
were placed in front of the doors to the goal 
boxes. Guillotine doors of light sheet metal 
were operated by E. There was a distance of 
46 in. from the outer end of the left goal box 
to the outer end of the right goal box. The 
length of the stem was 21 in. The goal boxes 
were 10 in. long and 10 in. wide. 

The straight alley was 24 in. long and 5 in. 
wide. The roof of the straight alley was 
covered with .25-in. mesh hardware cloth. 
The straight alley was also painted gray. The 
goal boxes were detachable and the same goal 
boxes were used on both the maze and the 
straight alley. 

Several layers of cheesecloth surrounded 
completely the maze and the straight alley. 
The cheesecloth was attached to an unpainted 
wooden frame, 4 ft. wide and 3 ft. high. The 
frame was nailed to the table on which the maze 
and straight alley were placed. The use of the 
cheesecloth was intended to eliminate as many 
extra-maze cues as possible and to provide a 
nearly uniform perceptual field. 

Preliminary training.—Prior to training, all 
Ss were given seven days of habituation to the 
feeding regimen of the experiment. During 
these seven days, Ss were fed an unlimited 
amount of wet mash once daily for 1 hr. 

The preliminary training consisted of ten 
trials a day for three days in the straight alley. 
On seven of the ten trials of each day, S ran to 
food (consisting of pellets weighing approxi- 
mately .150 gm.). The pellets were contained 
in a glass food cup of 2-in. diameter. The food 
cup was painted white. On the remaining three 
trials of each day the food cup was absent and 
S was not reinforced. The sequence of rein- 
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forced and nonreinforced trials within any day’s 
run was determined randomly. The intertrial 
interval was always at least 10 min. with a 
modal interval of 12 min. Throughout the 
experiment the Ss were under a 20-21-hr. 
hunger drive at the beginning of each day’s run. 

Learning series —Beginning on Day 4, all 
Ss were given ten trials a day in the maze for 
four days. The side of the maze in which any 
S was to receive food was determined randomly. 
For the remainder of the learning series food 
appeared only on that sice. Runs to the 
correct side were always reinforced by the 
presence of food and by the presence of the 
food cup. The food cup was not present in the 
incorrect side of the maze. Responses to the 
correct or incorrect side of the maze did not 
involve any delay. Correction or retracing 
after an incorrect response was not allowed. 
All Ss remained in the goal box for 45 sec. 
following either a correct or an incorrect response. 

After every five trials of the learning series, 
the right goal box was changed to the left side of 
the maze and the left goal box was changed to 
the right side of the maze. Though the goal 
boxes were constructed to be identical, there 
might have been differences overlooked by E 
(e.g., odor, texture of the floor, etc.). Inter- 
changing the goal boxes prevented any one goal 
box from being associated consistently with 
reward. 

Latent extinction period.—Approximately 24 
hr. after the last trial of the learning series, Ss 
were assigned at random to three groups. 
Each group consisted of 20 Ss. The Ss of 
Group 1 and Group 2 (experimental Ss) were 
placed directly in the goal box for four 1-min. 
periods without the presence of food. Each 
period was separated by approximately 10 min. 
For the Ss of Group 1, the empty food cup was 
present in the correct goal box; for the Ss of 
Group 2; the food cup was absent. The Ss of 
Group 3 (control Ss) were not placed in the goal 
box during the latent extinction period. 

Extinction trials—Immediately following la- 
tent extinction, response extinction was begun. 
Food was not present in the maze during the 
extinction trials. Each group was divided 
randomly into two subgroups. For the Ss of 
one subgroup, the empty food cup was present 
in the previously correct goal box during the 
extinction trials; for the Ss of the other sub- 
group, the food cup was absent during the ex- 
tinction trials. Each subgroup consisted of 
10 Ss. 

All Ss were run until they reached the ex- 
tinction criterion of two incorrect responses 
within any block of four successive trials. The 
extinction score of each S includes only the 
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number of correct responses made before reach- 
ing the extinction criterion. 

During extinction, the intertrial interval was 
approximately 10 min. As in the learning 
series, correction or retracing after an incorrect 
response was not permitted. All Ss remained in 
the goal box for 10 sec. following a response 
either to the correct or the incorrect side of the 
maze. 


REsULTs AND Discussion 


Learning series —No _ significant 
differences were found between the 
various groups in the number of cor- 
rect responses made during the learn- 
ing series. 

Extinction series —An analysis of 
variance and ¢ tests using original 
extinction scores did not seem desir- 
able since the requirement of homo- 
geneity of variance could not be met. 
However, the transformation VX¥+.5 
satisfied the requirement (6) and 
therefore all analyses were made using 
transformed data. Table 1 shows the 
means and SD’s of the raw data and 
of the transformed data for each 
group. 

Table 2 shows the comparisons be- 
tween the means of the transformed 
extinction scores of each group. 
Table 3 reveals the analysis of vari- 
ance of the transformed extinction 
scores for the Ss of Groups 1 and 2. 

In order to test the experimental 
hypothesis, it was first necessary to 





TABLE 1 


Means anv SD’s or ORIGINAL AND 
TRANSFORMED Data 








Original Transformed 
ata Data 
Group Extinction 

















Mean| SD |Mean| SD 

1 Cup present | 3.10 | 2.85 | 1.78 | .70 
Cup absent | 1.20 | 2.10] 1.17] .61 

2 | Cup present | 9.40 | 7.04 | 2.99 | 1.01 
Cup absent | 1.50 | 1.51 | 1.32 53 

3 | Cup present | 9.30 | 6.46 | 2.98 | .87 
Cup absent | 3.10 | 3.11 | 1.73 | .81 











TABLE 2 


Comparisons Between MEAns or TRANS- 
FORMED EXTINCTION ScoRES 











Comparisons t p 

Group 1, Group 2 2.94 <.01 
Group 1, Group 3 3.16 <.01 
Group 2, Group 3 62 > .50 
Group 1, cup present; 

Group 1, cup absent 1.84 <.08 
Group 2, cup present; 

Group 2, cup absent 5.08 <.01 
Group 3, cup present; 

Group 3, cup absent 3.16 <.01 











demonstrate that the conditions em- 
ployed during preliminary training 
and during the learning series were 
adequate to establish the food cup as a 
secondary reinforcer. Table 1 shows 
that those Ss of Group 3 for whom the 
empty food cup was present during 
the extinction trials required a greater 
mean number of trials to reach the 
extinction criterion than those Ss of 
Group 3 for whom the food cup was 
absent during the extinction trials. 
The t shown in Table 2 indicates that 
the difference between the means of 
the transformed extinction scores of 
these subgroups is significant below 
the .01 level of confidence. There 
can be little doubt that the condition 
necessary for testing the experimental 
hypothesis was satisfied. 


TABLE 3 
Summary oF ANALYsIs oF VARIANCE 
For Ss or Groups 1 anp 2 





> - Mean . 
Source df Square F 
Group 1, Group 2 1 | 4.69] 8.68** 
Food cup present, absent, 
during extinction 1 | 13.03 | 24.13** 


Group 1, Group 2 X 
presence and absence 
of food cup during ex- 
tinction 1 2.85 | 5.28* 

Within cells 36 54 














* Significant at the .05 level. 
** Significant at the .01 level. 
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In order to conclude that the sec- 
ondary reward value of the food cup 
was either reduced or eliminated 
when the food cup was present during 
latent extinction, it is necessary to 
examine the interaction between the 
presence and absence of the food cup 
during latent extinction (Groups 1 
and 2, respectively) and the presence 
and absence of the food cup during 
the extinction trials. Table 3 reveals 
that this interaction is significant 
below the .05 level of confidence. In 
addition, Table 1 shows that those Ss 
of Group 2 for whom the food cup was 
present during the extinction trials 
required a greater mean number of 
trials to reach the extinction criterion 
than those Ss of Group 2 for whom the 
food cup was absent during the ex- 
tinction trials. The ¢ reported in 
Table 2 indicates that the difference 
between the means of the transformed 
extinction scores of these subgroups is 
significant below the .01 level of 
confidence. 

Table 1 also shows that for those 
Ss of Group 1 for whom the food cup 
was present during the extinction 
trials, the mean number of trials to 
extinction was 3.10; for those Ss of 
Group 1 for whom the food cup was 
absent during the extinction trials, 
the mean number of trials to extinc- 
tion was 1.20. The ¢ reported in 
Table 2 reveals that the difference be- 
tween the means of the transformed 
extinction scores of these subgroups 
is not significant at the .05 level. 

Since the interaction reported in 
Table 3 is significant and, in addition, 
since the difference between the sub- 
groups of Group | is not significant 
while the difference between the sub- 
groups of Group 2 is significant, it is 
concluded that the secondary reward 
value of the food cup was reduced 
significantly more for those Ss for 
whom the food cup was present- during 
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latent extinction (Group 1) as com- 
pared with those Ss for whom the food 
cup was absent during latent extinc- 
tion (Group 2). 


While the analyses indicated that the 
food cup had acquired secondary reward 
value and that this secondary reward 
value was reduced significantly more for 
those Ss for whom the food cup was 
present during latent extinction as com- 
pared with those Ss for whom the food 
cup was absent during latent extinction, 
several additional comparisons need be 
made before the experimental hypothesis 
is supported. If the effect of latent 
extinction in decreasing the number of 
subsequent trials to extinction is de- 
pendent on the reduction or elimination 
of secondary reward value, then those Ss 
for whom the secondary reward value of 
the food cup was not significantly 
reduced (Group 2) should not differ 
from those Ss who were not given latent 
extinction (Group 3). On the other 
hand, those Ss for whom the secondary 
reward value of the food cup was 
significantly reduced (Group 1) should 
have required fewer trials to reach the 
extinction criterion than either the Ss of 
Group 2 or the Ss of Group 3. Analysis 
of the data supported these predictions. 
The mean number of trials to extinction 
for the Ss of Group 2 was 5.45; the mean 
number of trials to extinction for the Ss 
of Group 3 was 6.20. Table 2 shows that 
the difference between the means of the 
transformed extinction scores of these 
groups is mot significant. Table 2 also 
shows that the Ss of Group 1 required 
significantly fewer trials to reach the 
extinction criterion than either the Ss of 
Group 2 (p < .01) or the Ss of Group 3 
(p < .01). 

Additional evidence in support of the 
experimental hypothesis can be obtained 
by comparing those subgroups of Groups 
1, 2, and 3 for which the food cup was 
absent during the extinction test trials. 
If the effect of latent extinction is 
dependent on the reduction or elimina- 
tion of the secondary reward value of the 
food cup, then the latent extinction effect 
should tend to “disappear” when the 





a 


wa Sw SE 


Om OU ODO Oe Bao = 





LATENT EXTINCTION 399 


food cup is not present during the ex- 
tinction test trials. That is, there should 
be no significant differences between 
those subgroups of Groups 1, 2, and 3 
for which the food cup was absent during 
the extinction trials. Analysis of the 
data supported this prediction; the 
values of ¢ obtained by comparing the 
means of the transformed extinction 
scores of these subgroups were all above 
the .05 level of confidence. 

On the other hand, if the latent ex- 
tinction effect is dependent on the reduc- 
tion or elimination of secondary reward 
value of the food cup, then the effect of 
the food cup in maintaining the previ- 
ously learned response against extinction 
should be dependent on whether or not 
it was present during.the latent extinc- 
tion period. If the food cup was present 
during latent extinction (Group 1), 
then its presence during the subsequent 
extinction test trials should have little or 
no effect in maintaining the previously 
learned response against extinction. 
However, if the food cup was absent 
during latent extinction (Group 2) or if 
latent extinction was not given (Group 
3), the presence of the food cup during 
the extinction test trials should serve to 
increase the number of trials to extinc- 
tion. Thus, those subgroups of Groups 
2 and 3 for which the food cup was 
present during the extinction trials 
should not differ significantly from each 
other, while they both should differ 
significantly from the corresponding sub- 
group of Group 1. Analysis of the data 
revealed that this prediction was sup- 
ported; the mean number of trials to 
extinction for that subgroup of Group 1 
was 3.10, as compared with 9.40 (¢ = 3.69; 
p < .01) and 9.30 (¢ = 3.50; p < .01) 
for the corresponding subgroups of 
Groups 2 and 3, respectively. The latter 
two subgroups did not, of course, differ 
significantly from each other. 

It is concluded that the experimental 
hypothesis,—that the effect of latent 
extinction in decreasing the number of 
subsequent trials to extinction would be 
dependent on the reduction or elimina- 
tion of secondary reward value,—was 
supported. It therefore appears likely 


that the results obtained by Seward and 
Levy (5) and Deese (2) can be inter- 
preted in terms of the reduction or 
elimination of the secondary reward 
value of those cues present in the goal 
box when the animal was placed in the 
goal box without the presence of food. 
Deese, for exainple, used a U maze with 
one alley p «ted black which led to a 
black goal box; the other alley was 
painted white and led to a white goal box. 
Since food appeared only in the black 
(or white) goal box during the learning 
series, the color of the correct goal box 
may be expected to have acquired 
secondary reward properties which were 
subsequently reduced or eliminated when 
the animal was placed in the goal box 
without the presence of food. 

In the procedure used by Seward and 
Levy, the food cup that was present on 
the goal platform during the learning 
series was also present on the goal plat- 
form during latent extinction. If the 
food cup had acquired secondary reward 
value, then on the basis of the results of 
the present experiment, it appears rea- 
sonable to expect that the secondary 
reward value of the food cup was reduced 
or eliminated for those Ss for whom the 
food cup was present on the goal plat- 
form during latent extinction. Since 
for these Ss the food cup did not sub- 
sequently reinforce the response of 
running down the pathway to the goal 
platform, they required fewer trials to 
extinction than control Ss who were not 
placed on the goal platform and for 
whom the secondary reward value of the 
food cup was not reduced or eliminated. 


SUMMARY 


The purpose of the present experiment was to 
test the hypothesis that the effect of latent 
extinction in decreasing the number of trials to 
extinction would be dependent on the reduction 
or elimination of the secondary reward value of 
cues present in the goal box during the latent 
extinction period. Sixty male albino rats were 
used. Following preliminary training, all Ss 
were given 40 trials in a single-unit T maze with 
food reward in one of the goal boxes. After the 
last trial of the learning series, the Ss of Groups 
1 and 2 were placed in the goal box for four 
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l-min. periods without the presence of food 
(latent extinction). In Group 1 the empty food 
cup was present in the goal box during latent 
extinction; in Group 2 the food cup was absent 
during latent extinction. Group 3 was not 
given latent extinction. Immediately following 
the last latent extinction period, response ex- 
tinction was begun. Each group was divided 
into twosubgroups. In one subgroup the empty 
food cup was present in the previously correct 
goal box during the extinction trials, in the other 
the food cup was absent. 

The extinction scores of the subgroups of 
Group 3 indicated that the food cup had ac- 
quired secondary reward value. The extinction 
scores of the subgroups of Groups 1 and 2 
indicated that the secondary reward value of 
the food cup was reduced significantly more for 
those Ss for whom the food cup was present 
during latent extinction (Group 1) as compared 
with those Ss for whom the food cup was absent 
during latent extinction (Group 2). No 
significant difference was found between the 
means of the transformed extinction scores of 
Group 2 as compared with Group 3. Since, in 
addition, Groups 2 and 3 required significantly 
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more trials to extinction than Group 1, the 
experimental hypothesis was supported. 
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Most studies dealing with transfer 
effects (including retroactive inhibi- 
tion studies) in verbal learning have 
been concerned with habits acquired 
in the laboratory. That is, Ss are 
required to learn one task té a certain 
criterion of mastery and then are 
given a second task tolearn. The net 
amount of transfer, either positive or 
negative, is measured by comparing 
the scores made in learning the second 
task to the same measures of a control 
group who did not learn the first task. 

In the present study an attempt 
was made to produce negative transfer 
in a verbal habit of long standing. 
Specifically, this study was oriented 
towards the production of a decrement 
in the reading habit, and towards 
examining the influence of two vari- 
ables related to this decrement. 

In 1935, Stroop (3) published a 
report using materials which seem to 
be appropriate for studying decre- 
ments in the reading habit. Stroop 
constructed lists of color words printed 
in another color. For example, the 
word “red” was printed in blue, the 
word “green” in brown, and the word 
“brown” in red. He then had Ss 
learn to ignore what the word said and 
name the color of the word (naming 
habit). After eight days of practice, 
four triais each day on a 50-word list, 
Ss were instructed to read the words, 
now ignoring the color of the word. 


1 This article is based on a thesis presented in 
partial fulfillment of the requirements for the 
degree, Doctor of Philosophy, in the Department 
of Psychology, Northwestern University. The 
writer is greatly indebted to Dr. B. J. Under- 
wood for his encouragement and generous aid. 

2 Now at St. Lawrence University. 
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When the pre- and postreading per- 
formances were compared, Stroop 
found that interference was produced. 
That is, it took Ss longer to read the 
words following practice on naming 
the color of the word. 

Basically, Stroop’s materials were 
used in the present study. However, 
two additional variables were mani- 
pulated, namely, intertrial distribu- 
tion on the naming task and the time 
interval between the naming task and 
the postreading task. The study was 
conducted as two separate experi- 
ments. Experiment I was designed 
to discover how distributed practice 
on the naming task effected the post- 
reading. In this experiment, the 
reading task followed the last trial on 
the naming task almost immediately. 
In Exp. II, the same degrees of distri- 
bution were used as in Exp. I; how- 
ever, the time interval between nam- 
ing and postreading tasks was 
extended. 


METHOD 


Subjects.—A total of 90 Ss, 45 in each experi- 
ment, were used. The Ss were men and women 
volunteers from the introductory psychology 
course at Northwestern University. 

Materials—The materials consisted of a stop 
watch, color blindness test, and a white card- 
board mounting the color words. The card- 
board measured 12 X 14 in. and contained 16 
lines of color words, nine per line, each line 
spaced } in. apart. Except for two restrictions, 
the color and order of the words was random. 
The two restrictions were: (a) no color word was 
printed in the color it represented, and (5) all 
colofs appeared equally often, except yellow, 
which appeared one less time. Only five 
different color words and colors were used, 
namely, red, blue, green, yellow, and brown. 
Only one order of the words and colors was 
employed although three cardboard mountings 
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were constructed to avoid fading of colors as the 
experiment proceeded. 

Conditions —All Ss were given five trials 
on the reading task (reading the words; ignoring 
the color of the words). Following this, four 
days of practice, 15 trials per day, were given on 
the naming task (calling out the color of the 
words). Following this a posttest was given on 
the reading task to determine the effects of the 
four days of practice in naming. 

The two experiments differed in only two 
ways. In Exp. I, 30 sec. elapsed between the 
last trial on the fourth day of color naming and 
the reading test; in Exp. II this interval was 
24hr. In Exp. I, 5 posttest reading trials were 
given; in Exp. II, 10 trials. 

Within each experiment three groups of Ss 
received 0-, 30-, or 60-sec. rest between naming 
trials. All Ss were given 30-sec. rest between 
all reading trials. 

A trial consisted of reading or naming 144 
words or colors of the words. The response 
measure was the time per trial. The Ss were 
assigned to each group on the basis of their time 
score made on the first naming trial. In this 
way the groups were equated » initial skill on 
this task. 

Procedure-—Each S that came into the 
laboratory was first given a color blindness test. 
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The S was then given the cardboard with the 144 
stimuli and instructed to read the words as 
fast as possible. At the end of each trial, he was 
told to turn the list over and wait for a ready 
signal to start the next trial. At the end of the 
fifth reading trial, S was told that he now must 
ignore the color word itself and name the color 
in which each color word was printed. An S 
in the 30-sec. or 60-sec. group was again told 
to turn the list over at the end of each trial 
and wait for a ready signal for the next trial. 
However an S in the 0-sec. group was instructed 
to go back to the beginning of the list im- 
mediately when he came to the end of the list. 
On Day 4 in Exp. I and Day 5 in Exp. II, S 
was again instructed to read the color words. 
All Ss, irrespective of group, were again in- 
structed to turn the list over at the end of each 
trial and wait for a ready signal for the beginning 
of the next trial. 


RESULTS 


Naming task.—Figure 1 illustrates 
the performance of the groups on the 
naming task for both experiments 
combined (N = 30 each point). 
However, Trials 1 and 15 were ana- 
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Fic. 2. Comparison between Exp. I and Exp. II of amount of interference 
on the reading task after 60 trials on the naming task. 


lyzed statistically for each experiment 
separately. When the last trials of 
each day of Exp. I were analyzed by a 
technique suggested by Edwards (1, 
pp. 288-297), trial differences and an 
interaction, Trials K Methods, were 
found to be significant. Significant 
trial differences represented significant 
changes in learning from day to day, 
whereas the significant interaction 
effect indicated the approach in per- 
formance level of the 30-sec. group to 
that of the 60-sec. group. The over- 
all difference among groups as to the 
effectiveness of the distribution vari- 
able was tested by means of analysis 
of covariance using the first naming 
trial on Day 1 (the matching score) 
as the covariate. This analysis was 
performed on the summed last trials 
ofeach group. An F of 5.08 (.02 > p 
> .01) was obtained. It can be seen 
from this analysis that the groups 
differ on this variable. 


Analysis of the first trial of each day 
revealed only insignificant trial differ- 
ences. 

The same analyses were made on 
the first and last naming trials of each 
day in Exp. II. The results were the 
same as for Exp. I with one exception: 
the interaction effect of Trials 
xX Methods was not significant. 

From the results on the naming 
task (Fig. 1), it becomes apparent 
that while the groups differ in per- 
formance level, they do not differ in 
learning. That is, difference in per- 
formance within days is apparent as a 
function of intertrial rest, but all 
groups start at about the same level 
each day. In short, there is no 
evidence that the intertrial intervals 
used here produce permanent differ- 
ences in naming habit. 

Reading task.—Figure 2 and Table | 
present the performance of the groups 
on the reading task in both experi- 
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ments. Although there was no sig- 
nificant difference between groups on 
the reading pretest in either experi- 
ment the data here consist of differ- 
ence scores. That is, each S’s score 
on each of the reading pretest trials 
was subtracted from his score on the 
comparable posttest trials. Thus if 
the learning on the naming trials did 
not influence the postreading task, 
the groups would fall at the zero level 
in Fig. 2. 

The 30-sec. group manifested the 


greatest decrement attributable to the: 


naming task; the 60-sec. group showed 
less decrement; and the 0-sec. group 
showed the least decrement. An 
analysis of variance was performed on 
transformed summed difference scores 
(Trials 1, 2,3, 4, and 5 were combined 
for each group and treated as separate 
distributions). In order to meet the 
assumption of homogeneity of vari- 
ance, the time scores resulting from 
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be seen that the groups differ in the 
amount of interference manifested. 
One striking phenomenon indicated 
in Table 1 and depicted in the left- 
hand portion of Fig. 2 is the perform- 
ance of the 0-sec. group. This group 
showed relatively little interference 
on Trials 1 and 2. However, on Trial 
3 some rise in interference is evidenced. 
Thereafter, interferenceincreased only 
slightly on Trials 4 and 5 until the 
interference level slightly surpassed 
that of the 60-sec. group on Trial 5. 
By means of chi square, a test was 
made among the groups as to the point 
of maximum interference. This anal- 
ysis was performed by counting the 
number of individuals in each group 
that showed maximum interference 
on the first trial as compared to all 
other trials. The resulting x? was 
6.67 which for 2 df falls between the 
.O5 and .02 significance levels. Thus 
it seems that there is a significant 
shift in the point of maximum inter- 





























combining trials were normalized by a_ ference depending upon _ intertrial 
square-root transformation. The re- distribution in learning the inter- 
sulting F was 5.97 (p < .01). Itcan fering task. 
TABLE 1 
DirFERENCES BETWEEN ScorRES ON PRETEST AND Postrest TRIALS 
ON THE ReEapinc Task 
Trials 
——_-l .. = | is 7 
ae | 2 ‘ | 5 
ae a oa = —_— J a 
Mean SD Mean SD Mean SD Mean | SD Mean | SD 
Experiment I 
Ban oe Se = ; a en 
0 | 1066 | 10.57 | 11.00 | 16.11 | 17.20 | 22.84 | 19.60 | 21.23 | 20.73 | 9.97 
30 | 64.80 | 58.54 50.20 40.28 | 46.07 15.89 39.40 | 24.85 | 28.74 | 16.13 
60 | 38.73 19.95 | 24.60 | 22.14 | 25.80 | 26.08 | 21.87 | 20.98 19.60 | 18.35 
Experiment II 
0 87.40 | 55.21 | 51.53 | 42.38 | 38.80 | 42.62 | 27.33 | 28.05 | 21.13 | 24.47 
30 | 89.67 | 38.92 | 62.40 | 34.41 | 41.13 | 31.38 | 31.86 | 26.36 | 31.13 | 20.80 
60 | 86.93 | 61.22 | 53.40 | 47.68 | 40.73 | 43.08 | 38.34 | 34.35 | 30.80 | 29.81 
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Table 1 and the curves shown in the 
right portion of Fig. 2 indicate the 
amount of interference manifested by 
the groups in Exp. II when a 24-hr. 
interval is introduced between the 
naming task and reading posttest. 
It it apparent that the 24-hr. rest 
interval tends to eliminate differences 
between the groups as to the amount 
of interference produced. An analysis 
of variance on transformed total 
scores (square root) confirmed this 
observation, i.e., the over-all differ- 
ence was not significant. In addition, 
although the data are not shown here, 
it was found that even though 10 
relearning trials on the reading task 
were given in Exp. II, interference was 
never completely eliminated. 

Returning again to Fig. 2, it can be 
seen that all groups showed greater 
interference in Exp. II than in Exp. I. 
The only factor to account for this is 
the difference in the time interval 
between the two experiments. 


Discussion 


Both experiments demonstrated that 
it is possible to interfere with a well- 
established verbal habit. Both of the 
variables manipulated in this study 
affected the amount of interference 
produced. In Exp. I, where the reading 
posttest followed the naming task im- 
mediately, it was found that a 30-sec. 
distribution interval between trials on 
the naming task produced the most 
interference. In Exp. II, where there 
was a 24-hr. interval between naming 
and reading posttest trials, the degree of 
distribution on the naming task did not 
produce a differential interference effect 
on the reading task. The best explana- 
tion for these facts seems to be provided 
by a reactive inhibition hypothesis (2). 

This inhibition (Jz) accumulated as 
Ss performed on the naming task as 
evidenced by (a) decreasing performance 
levels within each day after Day 1 by all 
groups, (4) greatest performance decre- 


ment manifested by the 0-sec. group, and 
(c) increased performance level by each 
group at the start of each day. Thus it 
would seem that the habit strength of the 
naming response increased each day al- 
though temporarily depressed within 
each day by Jp. Now, when the reading 
posttest is introduced almost immediately 
(Exp. I), not all of the Jp developed on 
the naming task had dissipated. Thus, 
habit strength on this task was still 
depressed and interference with reading 
was minimal. That some _ inhibition 
remained from the naming task at the 
time of the reading task is especially ap- 
parent in Exp. I when the performance 
of the O-sec. group is considered. In 
this particular case, interference was 
minimal on the first two reading posttest 
trials. It was not until Trial 3 was 
reached that any apparent interference 
was obt:.ned in this group. By this 
time, this group had had a 1}-min. rest 
(30 sec. between naming and reading 
trials, 30 sec. between Trials 1 and 2, 
and 30 sec. between Trials 2 and 3 on the 
reading posttest) which allowed some of 
the inhibition to dissipate. Thus habit 
strength of the naming task appears to 
actually increase during this time pro- 
ducing more and more interference with 
the reading posttest. 

Thus the full interfering effect of the 
naming response is not evidenced until 
measurement of the reading response is 
made after all Zr had dissipated. The 
lack of differences between the 0-, 30-, 
and 60-sec. groups in interference in the 
reading response in Exp. II is in agree- 
ment with this interpretation. The only 
fact that is not consistent with the Jp 
interpretation is that the posttest reading 
performance of the 30-sec. group for 
Exp. I is superior to that of the 60-sec. 
group. No explanation can be offered 
for this contradiction to Jz theory. 

There is a possibility that the differ- 
ence in the amount of interference mani- 
fested in Exp. I and Exp. II might be 
explained by Jp generalization. That is, 
the greater Jp in Exp. I, since it had not 
completely dissipated, tended to depress 
the reading response as well as the nam- 
ing response. However, such an ex- 
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planation cannot account for the increase 
of interference in the O-sec. group in 


Exp. I. 
SUMMARY 


This study was concerned with the production 
of a decrement in the well-established reading 
habit. To produce this decrement, Ss were 
presented with a list of 144 color words which 
were printed in different colors. The Ss read 
the color words (reading pretest) for five trials 
and followed this with 60 trials (15 a day for 
four days) naming the color in which the color 
word was printed. Following this, Ss returned 
to the reading task (reading posttest). The 
intertrial distribution of the naming task and 
the amount of time between the naming task 
and the reading posttest were the independent 
variables. 

The major results were as follows: 

1. Distributed practice up to 60 sec. facil- 
itated performance on the naming task. 

2. When the reading posttest was introduced 
immediately (30 sec.) after the last trial on the 
naming task interference was the greatest for the 
30-sec. group and least for the 0-sec. group. 


However, when the time interval between the 
naming and reading posttest trials was extended 
to 24 hr., inte: ference was equal for all groups. 

3. With the 30-sec. interval between reading 
trials, the point of maximum interference oc- 
curred earlier in the reading posttest trials if 
distributed practice had been given on the 
naming task. 

4. Interference dissipated more rapidly when 
a 24-hr. interval rather than a 30-sec. was 
allowed between naming task and postreading 
task. 

5. A reactive inhibition hypothesis was 
utilized to account for the obtained results. 
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CLASSICAL AND INSTRUMENTAL EYELID 
CONDITIONING 


GREGORY A. KIMBLE, LUCIE I. MANN, AND ROBERT H. DUFORT! 


Duke University 


Adherents (10) and opponents (1) 
to reinforcement theory have both 
argued that, according to the rein- 
forcement point of view, classical con- 
ditioning in which the UCS,is pre- 
sented on every trial should be more 
effective in establishing a CR than an 
instrumental avoidance conditioning 
procedure in which the occurrence of a 
CR prevents the occurrence of the 
UCS. This inference from reinforce- 
ment theory is based on the fact that 
the classical procedure introduces 
reinforcement on every trial, whereas 
the instrumental procedure omits 
reinforcement whenever a CR occurs. 
The best evidence for this deduction 
is to be found in an experiment by 
Logan (10) who obtained better eyelid 
conditioning with a classical condi- 
tioning procedure than with an in- 
strumental conditioning one. Such 
evidence, however, does not constitute 
preferential support for the reinforce- 
ment position as opposed, for example, 
to S-R contiguity theory. Sheffield 
(11), who adopts the latter position, 
also comes to the conclusion that 
conditioning should be faster under 
the classical procedure which assures 
the occurrence of a vigorous response 
on every trial. Thus, for different 
reasons, contiguity theory and rein- 
forcement theory lead to the same 
prediction. To determine whether 
stimulus-response contiguity, rein- 
forcement, or some other factor is the 
critical one requires a more detailed 
experimental analysis of behavior in 

1 Financial support for this research project 


was provided by the Duke University Research 
Council and the National Science Foundation. 


the classical and instrumental condi- 
tioning situations. The four experi- 
ments reported in this paper are a step 
in that direction. 


EXPERIMENT I 


The purpose of this experiment was 
to compare eyelid conditioning under 
classical and instrumental procedures. 
Since some such factor as delay of 
reinforcement might conceivably op- 
erate to make the more effective 
procedure at one interstimulus in- 
terval the less effective one at some 
other interval, the comparison was 
made for three different CS-UCS 


intervals. 


Method 


The apparatus, general procedure, and source 
of Ss were identical for all four experiments. 
Hence, we shall give a general description here 
and supply necessary additional details for the 
later experiments when we come to them. 

Apparatus.—The S sat at a table with his 
chin and forehead supported by an adjustable 
headrest, looking into a booth which (a) kept £ 
and the timing apparatus out of S’s view, 
(b) provided fairly constant conditions of 
general illumination, and (c) provided a back- 
ground against which the CS appeared. The 
CS was a dim (about 1.7 mL.) light of bluish 
color provided by an argon lamp. It was 1} in. 
in diameter, 16 in. directly ahead of S and 
diffused by a }-in. ground glass screen which 
constituted the back wall of the booth. The 
UCS was an air puff delivered to the right eye 
through a ¢-in. nozzle. It was magnetically 
released and provided by the fall of a 90-mm. 
column of mercury in a manometer. The dura- 
tions of the CS (250 msec.), interstimulus 
interval, and intertrial interval (15 sec.) were 
controlled by a constantly running motor which 
activated a series of switches. 

Without changing any other conditions, the 
apparatus provided an instrumental and a 
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classical version of the eyelid conditioning 
experiment. In the instrumental condition the 
UCS followed the CS only if S failed to make a 
response to the CS. In the classical condition 
the UCS followed the CS regardless of S’s 
behavior. 

A very light false eyelash made of aluminum 
foil attached to S’s right eyelid interrupted the 
focal point of a light beam directed at the 
element of a photocell. The beam was focused 
on the eyelash about 1} in. from the eye. When 
S blinked approximately .075 in., the light 
reached the photocell and activated a circuit 
controlling the recording mechanism and, in the 
instrumental condition, preventing the delivery 
of the air puff. 

The occurrence of a blink within the CS-UCS 
interval was signalled by a light on a panel of 
lights. Because of the recording system used, 
the records were of the “‘all or nothing” variety, 
providing measures neither of magnitude nor 
latency. Of these the latter is potentially the 
more serious because of the possibility of count- 
ing as CR’s certain UCR’s to light described by 
Grant and Norris (6) or voluntary responses of 
the sort described by Spence and Taylor (12). 
Although our data probably contain some re- 
sponses which are not true CR’s, it seems un- 
likely that they are very numerous. The 
number of UCR’s to light presumably was 
minimized for the following two reasons: (a) the 
Ss were run in the light, and (b) the intensity of 
the CS was low. The possibility of a con- 
tamination of the data by voluntary responses 
remains. Again it seems unlikely that these 
responses were very important for the following 
reasons: (a) According to Spence and Taylor, 
voluntary responders are individuals who are 
attempting to cooperate with E because of a 
knowledge of eyelid conditioning gained from a 
classroom discussion of conditioning. Except 
for a very few Ss derived from sources other than 
the introductory course, the Ss in these studies 
were run before any classroom discussion of 
conditioning; (b) These voluntary responders 
make up only about 10% of the population and 
thus cannot be held responsible for all of the 
effects obtained in these experiments. In any 
event, the number of responses which are not 
true CR’s must have been randomly distributed 
among the various groups and could not account 
for the differences obtained. Finally, (c) the 
good agreement of the data obtained in these 
experiments with other data which were pre- 
sumably uncontaminated by these particular 
artifacts (e.g., 8, 10, 13) indicates that we are 
dealing with CR’s rather than some variety of 
UCR. 

Subjects and design—The Ss were 36 under- 
graduate students at Duke University. Eight- 
een were conditioned by the classical procedure 


and 18 by the instrumental procedure. Each 
major group was subdivided and 6 Ss, 3 men and 
3 women, were conditioned at 3 different CS- 
UCS intervals (500, 800, and 1500 msec.). 

Procedure—Instructions to Ss were the 
following: “This experiment is concerned with 
the reaction of the human eye to different kinds 
of stimulation. The stimulation will be provided 
by a blue light and an air puff. The light will 
appear in the center of the window directly in 
front of you, every so often. The air puff will 
be delivered to your right eye at various times 
during the experiment. The reaction that I 
want to measure is the eyeblink. To do so it is 
necessary to attach a false eyelash to your right 
eye (E attaches eyelash). 

“In this experiment, your blinking is recorded 
by an electric eye. For this reason, it is im- 
portant to fix the position of your head quite 
exactly. To do this we use the head and chin 
rest. During the experiment you are to sit here 
with your chin in the chin rest and your head 
pressing against the upper part of the head rest. 
You are always to look at the place in front of 
you where the light appears (E adjusts S to 
apparatus). 

“The most important thing for you to do is 
to keep comfortable and relaxed. For instance, 
when you are looking at the light, do not inhibit 
your blinking. If you feel your eyes closing or 
about to close, do nothing to prevent it. On 
the other hand, do not blink purposely to catch 
the air puff on the outer part of your eye. 
You do not have to think about the experiment 
while you serve as subject. In fact, you will be 
of more help if you think about something else.” 

After these instructions had been presented 
and S had been adjusted to the apparatus, the 
CS was presented alone ten times. The four 
Ss who gave six or more responses to the CS on 
these trials received ten additional adaptation 
trials which reduced the number of such re- 
sponses to four or fewer. Following a 1-min. 
rest, S received 60 training trials with an 
intertrial interval of 15 sec. except for a 1-min. 
rest after Trials 20 and 45. A series of 30 
extinction trials began 15 sec. following the last 
training trial. No special rest occurred between 
training and extinction. 


Results? 


The data most directly pertinent to 
the problem under investigation ap- 
pear in Fig. 1. In that graph the 


? Detailed tables of the means and variances 
for Exp. 1, and for Exp. 2, 3, and 4, have been 
deposited with the American Documentation 
Institute. Order Document No. 4516, remitting 
$1.25 for microfilm or $1.25 for photocopies. 
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Fic. 1. Mean percentage of conditioned 
responses on Trials 51-60. 


points are mean percentages of CR’s 
obtained on the last ten conditioning 
trials, where the learning curves for 
the various groups were at or near an 
upper limit. The important features 
of the two curves are these: (a) The 
amount of conditioning at every point 
is greater for the classical condition 
than for the instrumental condition. 
(6) The amount of conditioning de- 
creases with increases in the inter- 
stimulus time. Analysis of variance 
supports these interpretations. The 
F for the effect of interstimulus in- 
terval was 5.70 which for 2 and 30 df is 
significant at the .01 level. The F 
for experimental condition was 16.92 
which for 1 and 30 df is significant at 
the .001 level. The interaction term 
does not approach significance (F 
= 1.59), indicating that the two 
functions are parallel within the 
limits of sampling error. 

In his investigation of this problem, 
Sheffield (11) proposed that the in- 
strumental version of conditioning 
should be one in which S goes through 
a series of alternating conditioning 
and extinction phases. His reasoning 
was that, on trials where the CS and 
UCS occur together, conditioning 
takes place. Trials on which S avoids 
the UCS should lead to extinction. 
Detailed examination of the records 
from Ss conditioned by the instru- 


mental procedure seems to support his 
analysis. A typical record began 
with few CR’s and passed through a 
point where four or five CR’s were 
alternated with four or five failures. 
Toward the end of the record, these 
runs became shorter and one or two 
CR’s were alternated with one or two 
failures. The classical groups, by 
contrast, tended to show increasingly 
longer runs of CR’s. Using a runs 
test described by Dixon and Massey 
(3), it is possible to evaluate such 
differences statistically. This test be- 
gins by assigning a Z-score to the 
number of runs in each S’s record in a 
way which takes the number of CR’s 
into account. These Z-scores then 
may be treated as ordinary scores and 
used to provide an unbiased test of the 
number of runs in any consecutive set 
of data. In this experiment, the in- 
strumental groups’ data contained 
significantly more runs than the data 
for the classical groups. A ¢ test 
applied to these Z-scores produces a 
t of 2.80 (p = .01). It is particularly 
important here to mention that this 
does not simply prove that the classical 
groups learned more than the in- 
strumental groups, since the computa- 
tion of the Z-score eliminates differ- 
ences in number of CR’s. This test, 
instead, reflects a different pattern of 
performance under the two reinforce- 
ment conditions. 


Discussion 


These results confirm those of Logan 
(10), and contrast sharply with those of 
such other investigators as Brogden, 
Lipman, and Culler (2), Gibson (4), 
Hunter (9), and Sheffield (11) who ob- 
tained faster conditioning by the in- 
strumental procedure. Just why such 
conflicting results should have come from 
these different experiments cannot be 
determined on the basis of currently 
available data. 

Although the present results are com- 
patible with predictions from reinforce- 
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ment theory, they are equally in line with 
predictions from contiguity theory. 
Whether the differences in conditioning 
obtained in the classical and instrumental 
groups in this experiment resulted from 
different amounts of reinforcement, from 
different frequencies of occurrence of the 
blink in close temporal contiguity with 
the CS, or from some other factor, cannot 
be determined from the data. The three 
experiments which follow attempt to 
determine the nature of the process 
involved. 


EXPERIMENT II 


Previous investigators of the rela- 
tive effectiveness of classical and 
instrumental conditioning have never 
raised what might be regarded as a 
basic question: Is the difference in 
behavior produced by these two 
procedures a difference in learning, 
performance, or both? This experi- 
ment is an attempt to answer this 
question. It employed a factorial 
design in which different groups of Ss 
began conditioning under the classical 
or instrumental procedures. Midway 
in the experiment, these two groups 
were split, half of each group con- 
tinuing under the original condition, 
half switching to the alternate condi- 
tion. In the statistical analysis of the 
results of such experiments, the im- 
portant data are those obtained in the 
second series of trials. Differences 
which reflect a significant effect of the 
conditions existing prior to the shift 
are taken to indicate differences in 
learning; differences attributable to 
conditions existing after the shift are 
taken to reflect differences in per- 
formance. 


Method 


The apparatus was that used in Exp.I. The 
Ss were 24 Duke University undergraduates who 
served under four conditions. All Ss received 
ten adaptaion trials with the CS alone. One S, 
who responded six times, received an additional 
ten adaptation trials. Following ‘these trials, 
all Ss received 120 conditioning trials with a 


CS-UCS interval of 500 msec. and an intertrial 
interval of 15 sec. The S was allowed to rest 
for 1 min. after Trials 20,45, and 80. Twelve Ss 
received their first 60 trials under the classical 
condition ; the other 12 began in the instrumental 
condition. Beginning with Trial 61, half of the 
classical group continued on the classical 
condition; the other half changed to the in- 
strumental condition. Beginning with Trial 61 
the instrumental group was similarly split. We 
shall designate the four groups thus generated as 
instrumental-instrumental, instrumental-classical, 
classical-classical, and classical-instrumental. 


Results and Discussion 


Learning curves for the four groups 
appear in Fig. 2. These curves show 
that: (a) The difference between 
classical and instrumental condition- 
ing obtained in Exp. I reappears here. 
(b) With the change from the instru- 
méntal to the classical condition there 
is a marked and sudden increase in 
the level of performance. (c) The 
shift from classical to instrumental 
conditioning produces a much less 
dramatic decrease in performance. 
For Trials 61-120, the difference be- 
tween the mean number of CR’s for 
the classical-instrumental group and 
the classical-classical group, though 
small, is significant (t = 8.08; 
~ = .001). 


Again the runs test described in con- 
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nection with Exp. I reveals a greater 
tendency toward cycles of CR’s and 
failures to respond in the instrumental 
groups’ behavior on Trials 1-60 than 
for the classical groups on the same 
trials (¢ = 2.40; p = .025). It would 
be interesting to know whether this 
tendency holds up for the classical- 
instrumental group in Trials 61-120, 
but, because of the large number of 
CR’s on these trials, the test is 
inapplicable. : 

An analysis of variance performed 
on the total number of CR’s occurring 
on Trials 61-120 produced a highly 
significant (F = 250.13; p = .001) 
interaction between experimental con- 
dition on Trials 1-60 and 61-120, 
necessitating the use of the interaction 
variance as the error term to evaluate 
the main effects. Such a test shows 
that neither the experimental condi- 
tion on Trials 1-60 or 61—120 produced 
asignificant effect. The two F’s were 
1.09 and 1.40. Thus the statistics 
appropriate to the experimental design 
fail to indicate whether the influence 
of the classical and instrumental 
conditioning procedures is on learning 
or on performance. One feature of 
the conditioning curves suggests, how- 
ever, that the results may be explained 
entirely in terms of performance 
variables, probably motivational ones. 
The reference here is to the rapid rise 
in the curve for the instrumental- 
classical group when these Ss shifted 
from one conditioning procedure to 
the other. If we were dealing with 
changing habit strengths one would 
predict, at least on the basis of Hull’s 
(7) theory, that the increase would 
have been much slower. Of the main 
classes of variables influencing per- 
formance, motivational factors seem 
the more likely. 


It is also clear that, whatever the 
factor responsible for the results of these 
experiments, it develops with practice. 
Such a consideration leads to the sugges- 


tion that we are dealing with an acquired 
drive based on the air puff, which reaches 
different levels under our two major 
experimental conditions. It is at this 
point that the cycles in the behavior of 
Ss in the instrumental condition become 
critical. What we suppose to be happen- 
ing in that condition is this: On trials 
where S fails to make a CR he receives an 
air puff and there develops an increment 
of acquired motivation. On trials where 
S makes a CR this acquired drive under- 
goes some degree of extinction because 
the air puff is not delivered. When the 
extinction process decreases drive to the 
point where S§ again fails to respond, the 
UCS appears again, and the acquired 
drive begins to be reinstated. Succes- 
sive conditioning and extinction of a 
learned motivation, thus, keep its aver- 
age value low in the instrumental condi- 
tioning procedure. It seems likely that 
the only sense in which the two experi- 
mental procedures influence learning is 
in their effect on an acquired drive. 
With that exception the argument above 
is the same as that offered by Sheffield 
(11) to account for certain results of his 
experiment. 

This analysis will hardle the results 
of this experiment in the following way. 
When Ss in the instrumentai-classical 
condition enter the series of trials of 
classical conditioning, the extinction 
process no longer occurs and, as drive 
increases, so does performance up to the 
level of the classical-classical group. 
When Ss in the classical-instrumental 
group enter the series of instrumental 
trials the successive conditioning and ex- 
tinction process begins. Since the earlier 
classical trials have already brought 
drive to a high level, however, the ex- 
tinction and conditioning processes func- 
tion around a higher value, with the 
result that there is some decrease in 
performance, but not so much as the 
increase when the shift is from instru- 
mental to classical conditioning. 

This explanation for the effects occur- 
ring in these experiments relies heavily 
upon two assumptions: (a) that the 
cycles of one or two reinforced and non- 
reinforced trials have a significant effect, 
and (4) that this effect is upon some 
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motivational process which can vary 
independently of a more basic learning 
process. Experiments III and IV test 
these assumptions. 


EXPERIMENT III 


The purpose of this experiment was 
to introduce, as an independent vari- 
able, the patterns of reinforcement and 
nonreinforcement observed in the 
response records of Ss conditioned by 
the instrumental procedure. The 
method employed was to condition a 
group of Ss on a partial-reinforcement 
schedule which omitted air puffs at 
the points where Ss in the previous 
instrumental conditioning groups had 
avoided them. A second group was 
conditioned on a different partial rein- 
forcement schedule which omitted the 
same number of reinforcements at 
points where the Ss in the previous 
groups had received them. 


Method 


The apparatus was the same as that used in 
Exp. land II. The Ss were 12 Duke University 
undergraduates who served under two different 
partial reinforcement versions of the classical 
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Fic. 3. Curve of total number of conditioned 
responses produced on each trial by 18 Ss in the 
500-msec. instrumental conditioning procedure 
in Exp. I and II. Points labeled “A” and “B” 
indicate trials on which the air puff was omitted 
in two partial reinforcement schedules. 
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for Exp. III. 


conditioning situation. One additional S who 
responded 5 times in the adaptation series was 
eliminated. Each S received 60 training trials 
and 30 extinction trials. 

The procedure for determining the two 
partial reinforcement schedules is illustrated in 
Fig. 3, which presents the total number of CR’s 
obtained on each trial from the 18 Ss in the 
instrumental conditioning groups with a 500- 
msec. CS-UCS interval in Exp. I and II. The 
points marked “A” indicate the trials on which 
the air puff was omitted for one group. These 
trials are those on which the air puff was most 
frequently avoided in each block of 10 trials 
by the earlier Ss. The points marked “B” 
indicate the trials on which the air puff was 
omitted for the second group of Ss. These tend 
to be the trials on which the air puff was most 
frequently received by the earlier Ss. In con- 
structing these schedules the two criteria were 
(a) that every block of 10 trials should omit 
about the same number of air puffs as had been 
avoided by the average S in the previous experi- 
ments, and (5) that neither schedule ‘should ever 
omit more than two air puffs in succession. It 
should be noted that Schedule A omits two 
successive air puffs on seven occasions. In 
Schedule B, this happens only twice. 


Results 


Learning and extinction data for 
these two groups are presented graph- 
ically in Fig. 4. Obviously, the two 
different schedules produced quite 
different courses of acquisition and 
differential resistance to extinction. 
Using the mean total number of CR’s 
in acquisition and extinction as meas- 
ures of learning, and testing for the 
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significance of the differences between 
wthese means, we obtain the following 
results: For conditioning, t = 2.96, 
p = .02; for extinction, t = 7.42, 
p = .001. 

The assumption behind the use of 
the two partial reinforcement sched- 
ules was that Schedule A would omit 
air puffs at the points where the same 
Ss might have avoided them if they 
had been conditioned by the in- 
strumental procedure, and that Sched- 
ule B would systematically introduce 
air puffs on these trials. To deter- 
mine whether the schedules had 
actually accomplished this, we com- 
pared the percentage of the total CR’s 
produced by each group on the 21 
trials on which the air puff was 
omitted. Of the relatively smaller 
number of CR’s produced under 
Schedule A, 38% occurred on these 
critical trials. Of the relatively larger 
number of CR’s produced under 
Schedule B, only 26% occurred on 
these trials. The difference between 
these mean percentages is significant 
at the .05 level (¢ = 2.37). In com- 
puting this statistic the percentages of 
responses on the critical trials for each 
S were taken as scores. During the 
60-trial conditioning series, the data 
for the group conditioned under 
Schedule A correspond fairly well to 
those obtained from the instrumental 
group with an interstimulus time of 
500 msec. in Exp.I. The latter group 
produced slightly more CR’s, but the 
difference is not significant (t = .87; 
p = .50). There is, however, a sig- 
nificant superiority of the instrumental 
group in Exp. I in extinction (t = 2.27; 
p = .05). 

On the assumption that Schedule B 
in this experiment probably resembled 
the partial reinforcement schedule 
used by Humphreys (8) in his study of 
50% and 100% reinforcement in 
eyelid conditioning, we compared the 
results obtained under this schedule 
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with those produced by the classical 
group with a 500-msec. interstimulus 
interval in Exp. I. This comparison 
indicates that the present results are 
substantially the same as Humphreys’. 
The group from Exp. I produced a 
slightly greater number of CR’s in the 
training trials, but the difference was 
not significant (¢ = 1.37; p = .20). 
The group from Exp. I, however, was 
less resistant to extinction (t = 2.99; 
p = .02). To make this test, the 
scores used were difference scores be- 
tween number of CR’s in training and 
extinction. Using this measure ex- 
tracts the correlation between con- 
ditioning and extinction measures 
from the error term used in the t test 
and is the approximate equivalent of 
an analysis of covariance. 


Discussion 


The outcome of this experiment shows 
that the reduction in the level of condi- 
tioning by the instrumental procedure 
must be assigned to the precise pattern 
of omitted air puffs. It also shows, 
incidentally, that the number of paired 
presentations of CS and UCS cannot be 
the important variable since the number 
was the same in the two groups. Since 
one difference between the two schedules 
was that Schedule A, which produced 
poorer conditioning, tended to omit more 
pairs of air puffs than Schedule B, it is 
possible that as few as two omitted air 
puffs or extinction trials may produce a 
significant effect. What remains to be 
demonstrated is that the effect is 
specifically on some motivational process. 


EXPERIMENT IV 


This experiment is a test of the 
assumption that performance in the 
eyelid conditioning situation depends 
jointly upon an associative factor and 
an acquired drive, and that these two 
processes are relatively independent 
of each other. The procedure in- 
volved an attempt to increase the 
acquired drive without altering the 
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level of conditioning. The method of 
doing this was to present the UCS 
without the CS on several trials after 
a short series of preliminary condi- 
tioning trials. 


Method 


Three groups of seven Duke University under- 
graduates were conditioned by the classical 
procedure with a 500-msec. interstimulus in- 
terval. Each group received 60 trials at 15-sec. 
intertrial intervals, followed by 30 extinction 
trials. One group was a control group which 
received 60 conditioning trials in which the CS 
and UCS were paired on every trial. The other 
two groups received 20 such trials. At this 
point the apparatus was turned off to eliminate 
auditory cues and one group (the 10-trial group) 
received 10 manually delivered presentations of 
the UCS alone at approximately 15 sec. in- 
tervals; the other group (the 20-trial group) 
received 20 presentations of the UCS alone. 
The Ss were told that these were administered 
to “check the recording apparatus.” 
these presentations of the air puff alone, each 
group received enough paired presentations of 
the CS and UCS together to bring the total 
number of trials to 60 for each group. The 30- 
trial extinction series then followed immediately. 

This procedure is almost exactly the same in 
the experimental conditions as that used by 
Grant (5) to obtain pseudo-conditioning, and 
raises what is potentially an extremely em- 
barrassing question. As a control, Grant ran a 
group of Ss which merely stayed in the ap- 
paratus for the length of time required to present 
the unpaired air puff stimulations to the ex- 
perimental group. He found that this group 
showed an increment in number of “CR’s” very 
similar to that obtained from the experimental 
group. In short, in his experiment, the pre- 
sentation of the air puff had nothing to do 
with the increase in number of blink responses. 
Subsequent research (6) has identified the 
responses producing these increases as beta 
responses, sensitized by dark adaptation. It 
has previously been pointed out that the 
procedure used in these experiments was not 
likely to elicit many of these responses because 
Ss were not dark adapted and the CS intensity 
was low. Asa further check, the present experi- 
ment employed two additional control groups 
designed to determine whether any effects 
obtained depended on the use of the air puff. 
One of these control groups corresponded to that 
used by Grant (5). Six Ss received 20 condi- 
tioning trials and then sat in the apparatus 
looking at a fixation point for the amount of 
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time required to present the UCS 20 times to a 
20-trial group. The other group of six Ss was 
subjected to exactly the same procedures as 
were used with the 20-trial group, except that 
the intensity of the air puff during Trials 21-40 
was of 45 mm. rather than 90 mm. These 
groups provide the means of determining 
whether the presentation of the air puff is the 
critical factor in producing whatever results 
come from this experiment. If the presentation 
of the air puff is critical, we anticipate: (a) little 
or no increase in number of CR’s for the no-puff, 
fixation group, and (6) a greater effect in the 
90-mm., 20-trial group than in the 45-mm. 
group. 


Results 


The basic data obtained in the 
experiment appear in Fig. 5. The 
curve which proceeds without inter- 
ruption is that for the control group 
which received 60 pairings of CS and 
UCS. The curves for the other two 
groups are broken between Trial 20 
and the point at which the CS was 
reintroduced. The striking feature 
of these curves is that there is no 
evidence, either in acquisition or ex- 
tinction, that the omission of the CS 
ona series of trials has any detrimental 
effect on learning. If anything, the 
opposite is true. The superiority of 
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the two experimental groups during 
the last part of training is not sta- 
tistically significant, but the superi- 
ority of these groups during extinction 
is significant (F = 7.58; p = .005). 
The most likely explanation for this 
appears to be that Ss in the experi- 
mental groups receive the air puff on 
the open eye more often than Ss in the 
control group. This would probably 
be the same as increasing the intensity 
of the air puff. 
There is, as the curves in Fig. 5 
suggest, a significantly greater in- 
crease in performance for the 20-trial 
group than for the 10-trial group from 
Trials 11—20 to the point where the CS 
was reintroduced. The mean gain in 
number of CR’s is 2.54 for the 10-trial 
group and 4.00 for the 20-trial group 
(t = 4.54; p = .001). This result ap- 
parently demonstrates the acquisition 
of an acquired drive with practice. 
The results of the 20-trial group are 
re-plotted in Fig. 6, together with the 
data for the two additional control 
groups. ‘These curves provide clear- 
cut evidence for the two effects 
demanded by the assumption that the 
results just presented depend upon the 
unpaired air-puff stimulations: (a) 
The increase in number of CR’s for 
the no-puff control group is slight 
(5.0%) and only approaches statisti- 
cal significance (t = 2.27; p = .10). 
(b) There is a greater increase in 
percentage of CR’s for the 90-mm. 
puff group than for the 45-mm. puff 
group. The mean increase for the 
first of these groups was 40.0%, that 
for the second was 21.4% (t = 2.78, 
p = .02). These findings seem to 
rule out the possibility that these data 
reflect only the sensitization of some 
variety of UCR to light. If addi- 
tional evidence is needed, the extinc- 
tion data provide it. Grant’s (5) 
results for groups similar to these show 
no evidence whatsoever for extinction 
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Fic. 6. Learning and extinction curves for 
the 20-trial group in Exp. IV together with data 
for the two control groups which received a 
45-mm. air puff or no air puff on Trials 21-40 


of the sensitized beta response. The 
fact that the extinction curves in this 
experiment are fairly typical indicates 
that the responses are true CR’s. 


Discussion 


The relevance of the results of this 
experiment to the previous ones in this 
series lies chiefly in their support for the 
existence of two, independently manip- 
ulable, processes in eyelid conditioning. 
The first is an associative factor which 
depends upon the presentation of the CS 
and UCS together. Apparently it de- 
velops rapidly. Certainly, after 20 con- 
ditioning trials, whether the CS is 
presented or not is irrelevant so long as 
the UCS is presented. The behavioral 
changes which are usually plotted as 
learning curves for eyelid conditioning 
probably reflect mainly the development 
of a second, performance, factor which is 
under the control of the UCS. This last 
fact supports the interpretation that the 
performance factor is a motivational one. 


GENERAL COMMENT 


Previous discussions of the probable 
importance of reinforcement in defense 
conditioning by theorists sympathetic 
to the reinforcement point of view have 
begun with the assumption that the 








416 


termination of the UCS provides a 
potential source of drive reduction and, 
therefore, of reward. They have then 
proceeded to the prediction that the 
classical version of such conditioning 
should lead to more rapid /earning than 
the instrumental version because it 
provides for a greater number of rein- 
forcements. The results of these experi- 
ments call this explanation into question 
in two ways. First, they indicate that 
the effect of the two experimental condi- 
tions is not primarily upon learning, but 
upon performance. Second, they sug- 
gest that, beyond the first few pairings of 
CS and UCS, the number of reinforce- 
ments has no significant effect on 
learning. 

With respect to the details of the 
usual reinforcement explanation, then, 
the results of these experiments are 
substantially negative. This is not, 
however, to say that reinforcement plays 
no role in the establishment of classically 
conditioned responses. There remains 
the possibility that reinforcement is 
involved in the development of the 
acquired drive assumed to be operating 
in these experiments. Whether such 
function of reinforcement is likely is an 
empirical question which can be answered 
by further research. 


SUMMARY 


The experiments in this series compared the 
effectiveness of classical and instrumental 
procedures for conditioning the eyeblink response 
of human Ss. In Exp. I, 36 Ss were conditioned 
by these two procedures with 500-msec., 800- 
msec., and 1500-msec. interstimulus intervals. 
Results showed (a) poorer conditioning under 
the instrumental condition (p = .001), (b) the 
usual decrease in amount of conditioning with 
increasing interstimulus intervals for both condi- 
tions (p = .01), and (c) a tendency toward 
cyclical alternations of runs of CR’s and failures 
to respond in the instrumental condition only. 

In Exp. II, 24 Ss were used with half of them 
beginning on the instrumental condition, half 
on the classical condition. Midway in condi- 
tioning, half of each group was switched to the 
other condition. Results show a large increase 
in performance when the instrumental group is 
changed to the classical condition (p = .001) 
and a smaller reduction in performahce when the 
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classical group is changed to the instrumental 
condition (p = .001). Again, there is evidence 
for cyclical alternations in the performance of the 
instrumental groups. 

In Exp. III, 12 Ss were conditioned with two 
different partial reinforcement schedules where 
the air puff was otherwise unavoidable. One of 
these schedules attempted to omit air puffs 
where the previous instrumental groups had 
avoided them; the other attempted to introduce 
air puffs at these points. Both conditioning 
(p = .02) and extinction (p = .001) were 
superior under the latter schedule. 

In Exp. IV, 21 Ss were conditioned under the 
classical conditioning procedure. In one group 
the CS and UCS were presented together on 
every trial. In two other groups, the CS was 
omitted on Trials 21-30 and 21-40, and the 
UCS was presented alone 10 or 20 times in an 
effort to manipulate S’s motivation without 
changing the amount of conditioning. The 
results of this experiment demonstrated that the 
omission of the CS did not interfere with the 
progress of conditioning. Data from two addi- 
tional control groups show that these effects 
depend upon the presentation of the UCS and 
not upon an artifactual sensitization of a UCR 
to light. 

The interpretation offered for these results is 
that the instrumental conditioning procedure 
produces cycles of conditioning and extinction 
of an acquired drive, which result in lowered 
performance although the amount of learning is 
equal to that in the classical procedure. 
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In the past, many studies (e.g., 1, 
3, 4, 6) have been directed toward the 
determination of the effect of experi- 
mentally induced tension on perform- 
ance. The results of these investiga- 
tions have not been unequivocal, some 
experimenters reporting facilitation, 
some inhibition, and some no appreci- 
able effect. The outcome of this 
diversity in data has been to focus 
attention on “the problem of defining 
the conditions which modify the 
influence of tension . . .”’ (3, p. 347) 

Experimentation directed along this 
line has left one very important 
problem to be clarified. The assump- 
tion in most of the previous work has 
been that tension exerts some direct 
influence on acquisition of skill. The 
general conclusion has been that under 
specified, optimal conditions, tension 
will facilitate learning. Recently, 
Meyer hypothesized that induced 
muscular tension facilitates res ponding 
“by making the motor system avail- 
able to an input, not by operating 
upon the input” (9, p. 209). The 
effect of tension is not upon an in- 
dividual’s ability to learn but rather 
upon his ability to respond. The 
theory can account for changes in 
magnitude and latency of a response 
but not for changes in rate of ac- 
quisition. 

Data not in agreement with this 
hypothesis are presented in a study 
by Bills (1), who found paired- 

1 The author wishes to express his gratitude 
to Dr. D. R. Meyer of the Ohio State University 
for direction of this research and theoretical 


implications of the data, and to Dr. E. J. Archer 
for assistance in design. 


associate learning to be improved if S 
squeezed a dynamometer. Bills’ con- 
clusion was that induced muscular 
tension can affect directly the forma- 
tion of habits. In the experiment, 
lists of paired associates were pre- 
sented for a single trial under condi- 
tions of normal and induced tension. 
The “tension” group recalled the 
words significantly better than did the 
“normal” group. However, the recall 
trial followed almost immediately 
after the learning trial. Meyer 
doubts that induced tension was com- 
pletely dissipated at the time of recall. 
If it were not, then the performance 
of the “tension” group during recall 
was influenced by this indissipated 
tension. 

The present experimental design 
introduces time intervals of varied 
length between learning and recall. 
If Bills is correct, regardless of the 
time between learning and recall, Ss 
who learn under tension should recall 
better than those who learn under no 
tension. On the other hand, if ten- 
sion facilitates only responding as 
proposed by Meyer, learning under 
tension should result in no better 
recall performance, provided enough 
time is allowed for induced tension to 
dissipate. 

PROCEDURE 

Subjects—Forty volunteer undergraduates in 
an introductory and an experimental psychology 
course served as Ss. These Ss were divided into 
four groups of 10 Ss each. The distribution of 
males and females was nearly equal in each 
group. The Ss served individually and, in 
general, for six successive days. 

Apparatus—A Hull-type memory drum, 
presenting each word for a 2-sec. duration, was 
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used. A list of ten paired adjectives and a 
series of 20 colored squares were placed on the 
same vellum tape. Either of these could be 
blocked from S’s view by means of a movable 
shutter which cut the memory-drum aperture to 
half its normal size. Thus, for an immediate 
shift from one activity to the other, E merely 
had to move the shutter from one side of the 
aperture to the other. The adjectives used were 
chosen from Haagen’s list (7) and were of 
medium similarity value (2.0 to 3.0). 

A Stoelting Co. hand dynamometer was 
mounted in a stationary position slightly to the 
right of the memory drum. A simple arrange- 
ment insured stable exertion by S. The pointer 
on the dynamometer was constructed of Plexi- 
glas. At the tip of the pointer was an electrical 
contact. Over the face of the dynamometer, 
rotating on the center pole, was a circular 
Plexiglas sheet. At the periphery of the sheet 
was another electrical contact. This sheet 
could be fixed in any position, thus its contact 
could be placed at the value of 4 maximum 
tension for any S. When S squeezed to this 
value, the two contacts touched and closed an 
electrical circuit lighting an incandescent bulb. 
In this way both E and S were signalled, without 
watching the dynamometer scale, when S was 
at the correct tension level. 

All sessions took place in an isolated, sound- 
proof, air-conditioned room. A masonite parti- 
tion separated S and E for the elimination of 
irrelevant stimuli and the standardization of 
presentation. 

Task.—The S’s task was to learn paired 
adjectives. During an experimental session, S 
would be presented with a list of ten paired 
adjectives once. After a specified time interval, 
the list would be presented a second time during 
which S would try to recall as many of the 
associates as possible. Four groups of Ss which 
differ in temporal condition of tension induction, 
were used in the experiment. Group T-T 
learned and recalled under tension, Group T-N 
learned under tension and recalled under no 
tension, Group N-T learned under no tension 
and recalled under tension, and Group N-N 
learned and recalled under no tension. Five 
time intervals between the two presentations of 
the list were used, 0, 30, 60, 120, and 240 sec. 
The immediate (0 sec.) condition duplicated 
the Bills design while the four other intervals 
were included to provide for the achievement of 
different levels of relaxation in the Ss of Group 
T-N. * 

During the rest intervals, the time between 
the two presentations of the list, all Ss were 
engaged in a color-viewing activity. In this 
task S watched a series of 20 colored squares, 
presented one at a time on the memory drum, 


withodt naming them. He was instructed at the 
outset of the experiment that he would be 
quizzed on each color series at the end of each 
session. The questions asked were always the 
same but the color series differed from day to 
day. In the typical color-naming activity, S is 
required to call out the names of the colors as 
they appear. Instead of an intervening task, 
this might better be labeled an interfering task. 
It is an activity which necessitates a response 
similar in many respects to the one required by 
the verbal learning activity. The color-viewing 
activity used in the present experiment did not 
require this overt response. It is submitted that 
the present color-viewing activity was an ade- 
quate intervening task. 

Tension was induced by having S grip the hand 
dynamometer. The E determined each S’s 
maximum squeezing power during a practice 
session. During the experimental session, S was 
required to squeeze to } this maximum value. 
One-third maximum was chosen because it was 
found by Courts (4) to lie in the optimal tension 
range for verbal memorizing activity. 

Experimental design—The experimental de- 
sign was of the greco-latin square type, rows 
corresponding to Ss, columns to days, latin 
letters to time intervals between learning and 
recall, greek letters to lists of adjectives. Two 
5 X 5 squares were used for a group of ten Ss 
and these were replicated in all four groups. 
On the first of the six days that S was required 
to serve he was oriented to the apparatus and 
procedure, his maximum gripping power was 
determined, and he was given some practice in 
learning paired associates. On the second day 
he was presented with the first of the experi- 
mental lists. 


RESULTS 


The results of the present study are 
shown in Fig. 1. The values plotted 
represent the mean number of adjec- 
tives correctly recalled by the ten Ss 
within a group. It is apparent from 
this figure that a clear substantiation 
of the Meyer prediction was ob- 
tained. If S is recalling under tension 
(N-T, T-T) his performance is facili- 
tated, as compared with recalling 
under no tension (N-N). This dis- 
crepancy remains approximately con- 
stant (.5 syllables) throughout the 
range of time intervals between learn- 
ing and recall used in this study. The 
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ten Ss. 


Ss in Group T-N begin to relax after 
the learning trial. As the interval 
between learning and recall is in- 
creased, more of the induced tension is 
dissipated. The assumption is that 
Ss do not relax at once upon releasing 
the dynamometer. Thus, in the 
shorter interval conditions, S is recall- 
ing under some tension. The data 


show that as more time is allowed for ~ 


tension dissipation, S’s performance is 
less facilitated, until, after a 4-min. 
interval, his recall score is no better 
than the score of an S who learned 
under no tension. 

No attempt was made to match the 
four groups on ability to learn paired 
associates. However, a check on 
group equivalence was made by com- 
paring mean number of trials needed 
by the Ss in each group to learn a 
practice list during the orientation on 
Day 1. The Ss in Group T-T 
required 7.4 trials, in Group T-N 7.0 
trials, in Group N-T 7.1 trials, and in 
Group N-N 7.5 trials to learn this list 


Mean number of adjectives recalled as a function of the time between learning and 
recall and the temporal condition of tension induction. 


Every plotted point represents data from 


to a criterion of one perfect repetition. 
The practice list of paired adjectives 
was presented in the same order on 
each trial which probably accounts 
for the rapid rate of learning. 

An analysis of variance was per- 
formed on the recall scores. A sum- 
mary of the analysis is presented in 
Table 1. Using the Pooled Residual 


TABLE 1 


SumMARY oF ANALYSIS OF VARIANCE 
FOR RECALL ScorEs . 











Source df — F 

Groups 3 | 5.537) 1.847 
Ss/Groups 36 | 2.998! 3.078** 
Days 4} 1.158] 1.189 
Time intervals 4 | 19.195 |19.708** 
List 4] 8.158| 8.376** 

Day X Groups 12] 1.868} 1.918* 

Time Intervals 

X Groups 12 | 0.422) 0.433 

Lists X Groups 12] 1.118] 1.148 
Pooled residual 112 | 0.974 
Total 199 














* Significant at the .05 level. 
** Significant at the .01 level. 
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as the error term for the mean squares 
of the correlated measures, it was 
found that the Day X Groups inter- 
action is significant at the .05 level. 
The day-to-day variability is not 
significant (F = 1.189, 4 and 112 df) 
and there is no consistent trend in the 
scores as a function of practice. 
Since individual differences are signifi- 
cant (F = 3.078, 36 and 112 df, 
p < .01), the Ss/Groups mean square 
is the correct error term for testing 
group differences. It is ndt unex- 
pected that the over-all difference 
between groups should turn out to be 
insignificant. According to Meyer, 
Groups T-T and N-T should yield 
essentially identical results. For a 
critical evaluation of Meyer’s hy- 
pothesis, the difference between 
Groups T-N and N-N at the 0- and 
the 240-sec. intervals and the differ- 
ence between pooled Groups N-T and 
T-T and pooled Groups T-N and N-N 
at the 240-sec. interval should be 
tested. Separate ¢ tests were used at 
these points. The difference between 
Groups T-N and N-N at 0 sec. is not 
quite significant (¢ = 1.859, 18 df, 
.10 > p > .05). However, when the 
data from Groups T-T, T-N, and N-T 


. at Osec. are pooled (Ss in these Groups 


are responding under essentially the 
same amount of tension in this im- 
mediate recall condition) and com- 
pared with Group N-N, the difference 
is significant (t = 2.365, 38 df, 
p< .01). The difference between 
Groups T-N and N-N at 240 sec. is not 
significant. The difference between 
pooled Groups T-T and N-T and 
pooled Groups T-N and N-N at 240 
sec. is found to be significant at the 
Ol level of confidence (t = 2.869, 
38 df). 


Discussion 


The obtained data show that as the 
time allowed for relaxation of tension 


inddced during learning is increased, 
recall performance declines to the level 
obtained when no tension is induced 
during learning. This decline in per- 
formance is gradual, coinciding with the 
no-tension performance level after ap- 
proximately 4 min. Davis has stated 
that 4 min. is the length of time needed 
for the dissipation of induced dynamo- 
genic tension.?. Thus, it appears that as 
tension dissipates, performance degrades. 
This result, coupled with the fact that 
performance does not decline when 
tension is induced during the recall trial, 
indicates that tension facilitates response 
elicitation. It is obvious from the 
present data that there is no difference 
between the T-T group and the N-T 
group. This fact also substantiates the 
conclusion that induced tension does not 
act upon the learning process. Induc- 
tion during recall only is as facilitative as 
induction during both learning and 
recall. Thus, these results_directly con- 
firm Meyer’s prediction. Tension might 
have produced an increase in magnitude 
or a decrease in latency of the responses 
but it clearly did not affect learning. 

The data can be conceptualized in 
terms of S-R theory if the effect of 
tension is visualized a&’ contributing to 
drive. For instance, in Hull’s theory, 
sEp is a multiplicative function of sHr 
and drive. Since sHpr is not changed 
while sEr is enhanced, tension must 
increase the drive. 


SUMMARY 


Recall of paired adjectives was studied as a 
function of both temporal conditions of induced 
tension and time between learning and recall. 
Performance data were obtained for four groups, 
ten Ss in each, which differed according to 
whether tension was induced during learning, 
recall, both learning and recall, or neither 
learning nor recall. Time intervals between the 
learning and the recall trials were 0, 30, 60, 120, 
and 240 sec. 

The results indicate that tension facilitates 
response elicitation but does not alter habit 
strength. Recall performance is no better if 
learning takes place under tension than if 


2R. C., Davis, Personal communication, 
July 7, 1954, 
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learning takes place under no tension, provided 
enough time is allowed for relaxation. On the 
other hand, recall under tension is consistently 
better than recall under no tension. The 
results are in accord with the concept of tension 
as a drive. 
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STIMULUS GENERALIZATION FOLLOWING DIFFERENT 
METHODS OF TRAINING! 


DANIEL B. REINHOLD* AND CHARLES C. 


PERKINS, JR. 


Kent State University 


Although stimulus generalization or 
some such principle seems to be ac- 
cepted by most learning theorists, 
relatively few data are available which 
show how the shape and/or slope of 
the generalization gradient is in- 
fluenced by experimental conditions. 
These limited data indicate that the 
slope of the gradient may be affected 
by the number of reinforcements (7), 
the proportion of training trials rein- 
forced (8), strength of motivation (1), 
and type Of Wotivation (11, 12, 13). 
The study reported here was designed 
to determine if the slope of the 
generalization gradient is steeper fol- 
lowing a differential conditioning pro- 
cedure in which the negative stimulus 
differs from the positive on a dimen- 
sion other than the one along which 
generalization is tested, than following 
nondifferential training. 


More specifically, Ss in Group D were 
reinforced for running to one stimulus 
complex (e.g., black, smooth), but not 
for running to another stimulus (black, 
rough) differing along one dimension 
(roughness). Response strength was 
then tested to the positive training 
stimulus (black, smooth) and to a novel 
stimulus differing only along a second 
(color) dimension (white, smooth). 
There were also two control groups. 
For one, Group C, the procedure was the 
same as for Group D except that there 
were no nonreinforced trials to the nega- 
tive training stimulus. The procedure 


for Group INT differed from that for 


1This paper is an abridgment of the first 
author’s Master’s thesis. The second author, 
who was the thesis director, is primarily re- 
sponsible for preparation of this report. 

2 Now at Western Reserve University. 


Group D only in that all training trials, 
whether reinforced or not, were to the 
same “positive” stimulus. 


METHOD 


A pparatus.—An elevated runway 1.5 in. wide, 
33 in. long, and 36 in. above the floor was used. 
The white starting box was 7.5 X 7X 6 in. 
(inside measurement). ‘Two separate sets of a 
runway, goal box, and goal-box stand were used. 
The reversible runways were constructed of hard 
wood covered on one side by .25-in. hardware 
cloth. The glass-covered goal boxes were 
17X 6.5 X6.5 in. The two sets of these 
sections differed only in color—one was a near 
white (74% reflectance) and the other a near 
black (6% reflectance). 

Lighting was provided by a 60-w. bulb 2.5 ft. 
above the center of the runway. The entire 
apparatus was surrounded by black and white 
cloth curtains which also served as one-way 
screens. The curtains were so arranged that 
when S was on the runway the background 
behind the goal box was half black and half 
white; the background to the starting box was 
entirely black. Thus, the two ends of the ap- 
paratus were presumably highly discriminable. 

Timing was automatic; the clock started 
when the door of the starting box was opened and 
stopped when S crossed an electric-eye beam 
.25 in. in front of the goal box. 

Subjects —The Ss were 12 male and 12 female 
experimentally naive albino rats approximately 
90 days old at the beginning of the training. 

Preliminary training—All Ss were first 
placed on a 24-hr. feeding schedule and reduced 
to 85% ad libitum weight. Throughout the 
study Ss were kept at 85% weight by feedings 
immediately after the experimental period. The 
Ss were run in squads of six, two in each group. 

On the first day of preliminary training each 
S was placed on the runway (positive stimulus 
condition) and left there for 10 min. with the 
doors to the starting and goal boxes closed. 
Then S was moved to the positive goal box 
where it remained for 5 min. On Day 2 S 
received five trials on which it was placed in the 
middle of the runway and removed from the goal 
box after reinforcement, consumption of two 
.2-gm. pellets of Purina Laboratory Chow. On 
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TABLE 1 


SUMMARY OF THE EXPERIMENTAL PROCEDURE 











2 Group D Group C Group INT. 
Days (N =8) \N =8) (N =8) 
1-4 Preliminary training Preliminary training Preliminary training 
5 4+ trials to positive stimulus | 4+trials to positive stimulus | 4+ trials to positive stimulus 


4—trials to negative stimulus 


4—trials to positive stimulus 


6-13 |2-+trials to positive stimulus | 2+trials to positive stimulus | 2+trials to positive stimulus 


6—trials to negative stimulus 


6—trials to positive stimulus 


14-16 | 4—trials to positive stimulus | 4—trials to positive stimulus | 4— trials to positive stimulus 
(Test) |4—trials to novel stimulus |4—trials to novel stimulus | 4—trials to novel stimulus 














each of Days 3 and 4 all Ss had 10 reinforced 
trials from the starting box. The Ss were then 
assigned to the groups in a way which roughly 
equated them for running speed on Day 4. 

Training —As shown in Table 1, Ss in 
Group D received four reinforced trials to the 
positive stimulus (e.g., black, smooth) and four 
nonreinforced trials to the negative stimulus 
(e.g., black, rough) on Day 5. On Days 6-13 
inclusive, these Ss were given two reinforced 
runs to the positive stimulus and six non- 
reinforced runs to the negative stimulus. The 
sequence of reinforced and nonreinforced trials 
was irregular. 

On training days Ss in Group C received the 
same number of reinforced trials to the positive 
stimulus as Ss in Group D. However, they 
received no nonreinforced trials. The Ss in 
Group INT received the same sequences of 
reinforced and nonreinforced trials as Ss in 
Group D, but all trials were to the positive 
stimulus. Thus, Group INT received inter- 
mittent reinforcement. 

Test.—On each of Days 14-16, all Ss were 
given eight test trials, four nonreinforced trials 
to the positive stimulus (P) and four nonrein- 
forced trials to a novel stimulus (N) differing in 
color (e.g., smooth, white). 

Counterbalancing.—The positive stimulus 
conditions differed for each of the four squads 
(of two Ss in each group) so that each com- 
bination of black or white, and smooth or rough 
was the positive stimulus for one squad. The 
negative stimulus (for Group D) always differed 
from the positive only in roughness, while the 
novel test stimulus always differed from the 
positive stimulus only in color. Possible ex- 
tinction effects during test trials were counter- 
balanced by using a PNNPNPPN sequence for 
half the Ss and a NPPNPNNP for the other 
half. 


RESULTS 


The response measure used through- 
out is the common logarithm of S’s 


response time, the interval between 
the opening of the starting-box door 
and the breaking of the electric-eye 
beam as S started into the goal box. 

On some trials S did not respond 
within the 30 sec. permitted; there- 
fore, means could not be used. All 
group measures were obtained by 
getting the median log response time 
for each S on the designated trials and 
then obtaining the group median of 
these medians. All levels of confi- 
dence are based on the U test (10). 
Probability values are expressed in 
terms of a two-tailed test even though 
most differences were predicted and 
one-tail p values are given in Mann 
and Whitney’s tables. 

On the last day of training all three 
groups had about the same median 
median log response time to the 
positive stimulus. The values were 
.23, .27, and .33 sec. for Groups D, 
INT, and C, respectively. No differ- 
ence between groups on this day was 
significant at the 10% level of 
confidence. 

Apparently, a discrimination had 
been established in the Ss of Group D 
since they all had a shorter median 
latency to the positive than to the 
negative stimulus on the last day of 
training. 

Generalization gradients based on 
measures obtained on the first test day 
are presented in Fig. 1. Since every 
S had a shorter median log response 
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Fic. 1. Generalization gradients for each 
group based on running time on the first day. 
Any given point was obtained by first deriving 
the log of the median running time for each S 
and then determining the median of these logs 
for the eight Ss tested to the positive training 
stimulus (P) and a novel stimulus (N). Greater 
response strength is indicated by the lower point. 


time to the positive training stimulus 
(P) than the novel stimulus intro- 
duced on test trials (N), the general- 
ization decrements can not be attri- 
buted to sampling errors. The gra- 
dient is steeper, the decrement greater 
for Group D than for either of the 
other groups. 

In order to test the significance of 


‘the difference between the size of the 


decrement for Group D and the other 
two groups, the median log response 
time to Stimulus P on the first test 
day was divided by the median log 
response time to Stimulus N. A U of 
1 (p < .001) was obtained in testing 
the difference between these ratios for 
Groups D and C. The U for the 
ratios of Groups D and INT was 
14 (p < .07). 

A second index of the size of the 
generalization decrement for indi- 
vidual Ss was median log response 
time to Stimulus N minus median log 
response time to Stimulus P. For 
this index the U between Groups D 
and C is 2 (p < .0O1). A similar 


comparison of Groups D and INT 
yields a U of 11 (p < .03). 

The greater decrement for Group D 
than Group C is highly significant 
with both indices. Since the gra- 
dients for these groups cross and since 
the two indices (the first giving 
a decrement relative to response 
strength to the positive stimulus, and 
the second index measuring the abso- 
lute decrement) give the same results, 
it may safely be concluded that the 
generalization gradient is steeper for 
Group D than for Group C. The 
difference between the decrements for 
Groups D and INT is not as reliable. 
However, since both indices give 
borderline significance and the gra- 
dients cross, it seems highly probable 
that the difference is not merely the 
result of chance or the selection of in- 
appropriate units of measurement. 

For the first index the U for Groups 
C and INT is 12 (p < .04); for the 
second index U equals 16 (p < .11). 
The difference in size of decrement for 
the two control groups, while highly 
suggestive, is of boftderline signifi- 
cance. Also, since the two gradients 
do not cross, the difference in the size 
of the decrements is dependent upon 
the units of measurement selected. 
Nevertheless, it is of interest that the 
difference in decrement size for the 
two control groups is in the opposite 
direction from the results obtained by 
Humphreys (8), who found the gra- 
dient to be steeper following 100% 
reinforcement than intermittent rein- 
forcement. 

When the data are plotted for all 
three test days, the gradients are 
quite similar to those obtained on the 
first test day except that differences 
between the groups are somewhat less 
marked and that the gradients for the 
two control groups are almost exactly 
parallel. 

The median median log running 
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time to each test condition for each 
group on the three test days, is 
presented in Table 2. Examination 
of this table disclosed that for Group 
C there appears to be extinction of the 
response to both Stimulus P and 
Stimulus N. However, for Groups D 
and INT there is marked extinction of 
the response to Stimulus P but no 
tendency towards its extinction to 
Stimulus N. Since every S in both 
groups (D and INT) had a longer 
median log running time to Stimulus 
P on test Day 3 than on test Day 1 
while just half the Ss in each of these 
two groups showed an increase in 
median log running time to Stimulus 
N, it seems unlikely that this differ- 
ence in extinction rates is merely a 
chance phenomenon. The more rapid 
extinction of the response to the train- 
ing stimulus than to the novel test 
stimulus in Groups D and INT in- 
dicates a flattening of the generaliza- 
tion gradient during test trials. Thus, 
for Group D the generalization decre- 
ment is .87 on Day 1 and only .10 on 
Day 3; for Group INT the decrement 
drops from .43 to .06 from Day 1 to 
Day 3. This finding is in line with 
results of Grant and Schiller (4), but 
is the opposite of the results obtained 
by several other investigators (1, 7, 
9). Further work is clearly needed 
to determine more about the ap- 
parently complicated relationship be- 


TABLE 2 


Meptan Menpian Loc Latency For Eacu 
Group unDER Eacu Test ConpiTIon 
on Test Days 1, 2, anp 3 
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Group 

Day 1| Day 2| Day 3} Day 1} Day 2| Day 3 
D 38 .60 | 1.04 | 1.25 | 1.24 | 1.14 
Cc 86 | 1.21 | 1.17 | 1.11 | 1.32 | 1.41 
INT 44 61] .77| .87| .99] .83 
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tween generalization and extinction 
rate. 


Discussion 


Our results indicate that differential 
training along one dimension may steepen 
the generalization gradient along a 
second dimension. It seems unlikely 
that this finding was the result of the 
development of orienting or attending 
responses which would make the differ- 
ence between the training and test 
stimuli more distinctive. Attending to 
the primarily tactual cues of the runway 
surface would be unlikely to facilitate 
reception of color cues. 

The demonstrated steepening of a 
generalization gradient following differ- 
ential training along another dimension 
may be loosely thought of as the develop- 
ment of a set to discriminate and thus 
seems to be closely related to the develop- 
ment of learning sets (5). 

The steepening effect of such differ- 
ential training presumably affects the 
generalization gradients obtained follow- 
ing a classical conditioning procedure 
where differential conditioning is neces- 
sarily involved (14, 15). In fact, inter- 
experimental comparison of generaliza- 
tion following classical conditioning, 
where clear decrements were obtained 
(e.g. 6, 9), with the horizontal gradient 
obtained by Ferster (2), following non- 
differential training, led to the design of 
our study. Such comparisons suggest 
that our major finding is a general 
phenomenon not confined to the specific 
conditions employed in this experiment. 
Thus, our results emphasize the need for 
a clear distinction between differential 
and nondifferential training by indicat- 
ing another way in which they have 
different consequences. 

Further work is needed to determine 
how generalization along one dimension 
is affected by the amount of differential 


| training along another dimension, the 


\ similarity of positive and negative train- 


ing stimuli, and related factors. 


SUMMARY 


Three groups of eight rats each were trained 
to traverse a runway. The training procedure 
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involved differential reinforcement of the run- 
ning response to presence or absence of hardware 
cloth (Group D), 100% reinforcement of the 
response to the positive stimulus (C), or in- 
termittent reinforcement (INT). All groups 
received identical nonreinforced test trials to the 
positive training stimulus and to a novel stimulus 
differing in color. 

A significant generalization decrement was 


obtained for all groups; i.e., response strength \ 


was less to the novel stimulus than to the positive 
training stimulus. The generalization decre- 
ment was significantly (p < .001) greater for 
Group D than Group C. The decrement for 
Group D was also greater than for Group INT, 
but this difference was only of borderline 
significance. 

It was concluded that differential conditioning 
along one dimension increases the slope of the 
generalization gradient along a second dimension. 
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STIMULUS AREA, STIMULUS DISPERSION, FLASH 
DURATION, AND THE SCOTOPIC THRESHOLD! 


OSCAR S. ADAMS, DAVIS J. CHAMBLISS, AND ARTHUR J. RIOPELLE 


Emory University 


It is well known that the intensity 
of stimulation required to evoke a 
scotopic threshold response is de- 
pendent, among other things, on the 
area and duration of the stimulating 
flash. Numerous studies (2, 3, 4, 8, 
10) have shown that with an increase 
in area there is, within limits, a 
subsequent decrease in the intensity 
necessary to evoke a threshold re- 
sponse. The exact function of this 
reciprocity is still undetermined. 
Within the critical duration, it is 
known (4, 7, 8) that a reciprocity 
exists between time and intensity 
(Bunsen-Roscoe Law). When the 
area, time, and intensity variables are 
combined the result is that there is an 
interaction between area and the rela- 
tion described by the Bunsen-Roscoe 
Law. The transition from /t = k to 
I = kis more abrupt with small areas 
than with large ones (4, 8). 

In addition to the time-area-in- 
tensity relations, the absolute scotopic 
threshold is a function of the separa- 
tion between two or more noncoin- 
cident but equally illuminated retinal 
areas. Beitel (1), extending previous 
work on spatial summation of the 
CFF (5, 6), has found that increasing 
the separation between two constant 
area patches produces first a rapid, 
then a slow, and later a rapid increase 
in the threshold. Riopelle (9) has 
studied the effect of dispersion of area 
into several smaller subareas, and 
has found an increase in threshold as 
a function both of the degree of dis- 

1 This research was supported in part by a 


grant from the University Center in Georgia, Inc. 
2 Now at the University of Wisconsin. 
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persion as well as the size (or number) 
of the stimulus subareas. In each 
condition studied the total area re- 
mained constant. 

The present investigation was de- 
signed to study spatial summation as 
a function of the time-area-intensity 
relations. Specifically, it is para- 
metric in nature, intended to (a) 
survey the extent of summation which 
occurs as the separation is increased 
between two patches equal in size and 
illumination, (b) to investigate the 
effects of variations of exposure time 
and area on this extent, and (c) to 
compare the form of the resultant 
family of curves. 


MeETHOD 


Subjects —The’ three writers served alter- 
nately as S and £. All were well acquainted 
with the task at hand. 

A pparatus.—The apparatus has been previ- 
ously described (10), and a schematic diagram 
is shown in Fig. 1. The essential feature of it 
was rigid control of the intensity and duration 
of the test flash. The S was seated in a small 
light-tight cubicle built into one corner of the 
experimental room. The opal glass screen was 
permanently mounted against an opening in the 
cubicle wall which faced S. 

Stimuli.—Three series of black-painted metal 
masks were used between the opal glass screen 
and the opening in the cubicle. Series I con- 
sisted of 14 masks, of which 12 had two }-in. 
holes separated vertically from a common point. 
Mask 13 had a single }-in. hole whose center 
coincided with the common point of separation, 
and Mask 14 also contained a single hole, 


AUTOMOBILE BALANCING WEDGE WRATTEN 
SmuTTer 
WE AOL AMP DENSITY WEDGE FILTERS 
DIVERGING GROUND GLASS OPAL GLASS 
LENS PLATE SCREEN (ces) 


Fic. 1. 














Schematic diagram of the apparatus. 
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similarly placed, with area equal to that of two 
}-in. holes. Series II consisted of 12 masks with 
a base diameter of } in. The single and double 
area patches were used in this series and the 
following group, Series III, which consisted of 
11 masks in which the stimulus patches were 
4 in. in diameter. The separation ranged from 
adjacent to 34 in.; or in visual angle. the smallest 
angle subtended between centers was 14’, and 
the largest was 6° 26’. 

Procedure-—Prior to determining threshold 
measurements, S was dark adapted for 40 to 
45 min. A short period at the end of the dark 
adaptation period was spent presenting S with 
flashes in order for him to establish a stable 
threshold criterion. All judgments were made 
with the left eye which fixated a small point 
source of light located 8 in. to the left of the 
center of the opal glass screen. A forehead-and- 
chin rest was used to maintain a constant 
distance of 304 in. from S’s eye to the stimulus 
mask. ‘The test patch was thus imaged about 
14° from the fovea on the temporal retina. 

Absolute reappearance thresholds were taken 
in the following manner. For each threshold 
determination, S was alerted by a verbal signal, 
and then given two dim, but definitely supra- 
liminal flashes in quick succession. The third 
flash was presented well below threshold in- 
tensity. The wedge was then moved about .25 
cm. (about 1/80 log unit) toward the brighter 
end with each successive flash until S responded 
affirmatively. Two successive affirmative re- 
sponses constituted a trial. 

All flashes were presented at either 15 or 150 
msec. duration, being, respectively, below and 
above the critical duration. The average of 20 
determinations for each mask of the three series 
at each of the two durations was taken as S’s 
threshold for that mask at the given duration. 
Measurements were recorded in terms of log 
micro-microlamberts. 


REsuLTs AND Discussion 


The results of the experiment are 
shown in Fig. 2 where the threshold 
in log micro-microlamberts is plotted 
against the distance between the 
centers of the stimulus patches. The 
parameters of the curves are the three 
stimulus areas and the two durations 
of exposure. The “D” and “S” 
points on the abscissa represent, 
respectively, the double and single 
area patches. There is a _ certain 
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DISTANCE IN INCHES BETWEEN CENTERS 
OF STIMULUS PATCHES 


Fic. 2. Scotopic thresholds for the three 
series of test patches presented at 15 and 150 
msec. duration. 


logical difficulty involved in consider- 
ing these points as belonging to the 
curves since they are single points; 
the curves are broken to indicate this. 
They are included primarily as check 
points, since it was not expected that 
even complete summation between 
two patches, within the range of 
experimental error, could yield a 
threshold more sensitive than a single 
patch equal in area to the two 
separated patches. Similarly, when 
the limits of summation are exceeded, 
a single patch should give about the 
same threshold as the two separated 
patches. 

The data clearly show that for both 
flash durations and for all stimulus 
areas used in this experiment, an 
increase in the dispersion of the 
stimulus results in an increased thresh- 
old. Taken as a group, the curves 
are very near parallel. We conclude 
that when plotted in log micro-micro- 
lamberts, the effects of separation are 
independent of the effects of the other 
variables of area and duration. 
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Beitel (1) has reported that summation 
clearly existed up to about 150’ of separa- 
tion, and that it was not apparent beyond 
this. Here the greatest separation for 
any series was at least 5° between inner 
edges, or slightly over 6° measured from 
center to center. A comparison of the 
points along the curves with the single 
patches indicates that there probably 
was not much summation taking place 
beyond 3° to 4° of separation. Beitel 
further reported that the form of his 
curves was sigmoidal, that is, that there 
was first a sharp rise, then a relatively 
flat portion, followed by a final sharp 
rise. No such form is evident in the 
curves obtained in this study. The lack 
of agreement on this point is very 
probably due to the difference in shape 
of the test patches. Where Beitel’s 
patches were semicircular apertures, ours 
were circular. It seems obvious to 
expect greater summation effects at small 
separations with the former type patch, 
where the area of separation is bounded 
by more area of stimulation, than with 
the circular patch. 


SUMMARY 


This study presents further evidence to sup- 
port the well-established finding that an increase 
in area and exposure time causes a decrease in 
the absolute scotopic threshold. In addition, 
the data indicate that spatial summation is 
essentially independent of the variables of area 
and duration within the range used in the 
experiment. 


i) 


Ww 


. Berren, R. J., Jr. 


6. 


. Hartung, H. K. 


. Rropetie, A. J. 





O. S. ADAMS, D. J. CHAMBLISS, AND A. J. RIOPELLE 


REFERENCES 


Spatial summation of 
subliminal stimuli in the retina of the 
human eye. J. gen. Psychol., 1934, 10, 
311-327. 


. Granam, C. H. The relation between area 


and intensity of visual threshold. 
J. Psychol., 1930, 42, 420-422. 


Amer. 


. Granam, C. H., Brown, R. H., & More, 


F.A., Jr. The relation of size of stimulus 
and intensity in the human eye: I. In- 


tensity thresholds for white light. /. exp. 
Psychol., 1939, 24, 555-573. 
. Granaw, C. H., & Marcaria, R. Area and 


intensity-time relation in the peripheral 
retina. Amer. J. Physiol., 1935, 113, 
299-305. 


. Granit, R. Comparative studies on the 


peripheral and central retina: I. On 
interaction between distant areas in the 
human eye. Amer. J. Physiol., 1930, 94, 
41-50. 

Granit, R., & Harper, P. Comparative 
studies on the peripheral and central 
retina: II. Synaptic reactions in the eye. 
Amer. J. Physiol., 1930, 95, 211-228. 

Intensity and duration 

in the excitation of single photoreceptor 


units. J. cell. comp. Physiol., 1934, 5, 
229-247. 
. Karn, H. W. Area and intensity-time 


relation in the fovea. 
1936, 14, 360-369. 


J. gen. Psychol., 


Dispersion of stimulus- 


areas and the scotopic threshold. Amer. 
J. Psychol., 1951, 64, 380-390. 
. Rroperie, A. J., & Cuow, K. L. Scotopic 


area-intensity relations at various retinal 
locations. J. exp. Psychol., 1953, 46, 
314-318. 


(Received August 23, 1954) 











Journal of Experimental Psychology 
Vol. 49, No. 6, 1955 


THE INFLUENCE OF OVERTONE STRUCTURE 
ON THE PITCH OF COMPLEX TONES! 


WILLIAM H. LICHTE AND R. FLANAGAN GRAY? 


University of Missouri 


That pitch is a subjective phe- 
nomenon influenced, in pure tones, by 
all the physical characteristics of the 
stimulus is now widely understood. 
Little is known about the: pitch of 
complex tones and the common as- 
sumption probably is that their pitch 
is almost entirely determined by the 
frequency of the fundamental. Ef- 
fects of overtone structure (or spec- 
trum) on pitch are indicated, however, 
in a few statements in the psycho- 
logical literature. Banister 


(1, p. 
894) says, referring to a complex tone, 
“.. its pitch is usually slightly 


higher than that of a pure tone of the 
same frequency. The more pro- 
nounced the overtones, especially the 
higher ones, the higher the pitch 
appears to be.” Banister gives no 
citation in connection with this state- 
ment, which may be based on his own 
subjective impressions. Helmholtz 

(3, p. 61) apparently made a similar 
’ judgment, for he says, “‘. . . although 
the pitch of a compound tone is, for 
musical purposes, determined by that 
of its prime, the influence of the upper 
partial tones is by no means unfelt. 


They give the compound tone a 
brighter and higher effect.” These 
unsupported statements have ap- 


parently not made much of an im- 
pression. In the current handbook 


This article was written while the first 
author held an appointment as Summer Research 
Fellow; the appointment was granted through 
the University Research Council, University of 
Missouri. 

2Now at Aviation Medical Acceleration 
Laboratory, Naval Air Development Center, 
Johnsville, Pennsylvania. 
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of experimental psychology, for ex- 
ample, Licklider (6) discusses the 
pitch of complex tones only in the 
case of the missing fundamental. 

Variations in the pitch of complex 
tones, by subject and by tone, were 
found by Lichte (5) in a control study 
of a previous experiment. All Ss 
judged the pitch of two tones which 
were equal in fundamental frequency, 
but differed in spectrum. Three 
groups of eight Ss each judged pairs of 
tones at frequencies of 180 cps. In 
each group there were Ss for whom 
the two tones differed significantly in 
pitch, but the differences were not 
systematic. Significant individual 
differences in the pitch of a given 
complex tone were also found. A 
pair of tones at 360 cps and one at 540 
cps were also judged by three Ss each. 
In every case the tone in which the 
lower partials were strong was higher 
in pitch than the tone in which the 
high partials were strong, and five of 
the six differences were statistically 
significant. These results contradict 
Banister’s statement, but with six Ss 
it can only be said that a difference in 
this direction was characteristic of 
some individuals. 

The statements and the data re- 
ferred to suggest that the spectrum of 
tones does influence their pitch. The 
purpose of the present study was to 
verify the existence of this effect. 
The experimental hypothesis was that 
two complex tones with the same 
fundamental frequency but markedly 
different spectra will differ in pitch. 
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MeETHOD 


Apparatus——A block diagram of the ap- 
paratus is shown in Fig. 1. The basic source of 
the complex tones was a pulse generator (Meas- 
urements Corporation Pulse Generator, Model 
79-B). As Licklider (6, p. 987) indicates, when 
the waveform of the stimulus is a series of pulses 
or spikes of very brief duration, a harmonic 
analysis shows that the stimulus actually 
consists of an infinite series of harmonics of 
equal intensity. This “raw material” was put 
through appropriate filters to produce sounds 
with different spectra. The output of the pulse 
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generator and filter was led through an amplifier 
and an attenuator to headphones (Permoflux 
High Fidelity Earphones, Model PDR-8). 
The pure tone source was a beat-frequency 
oscillator (General Radio, Type No. 1304-A), 
which was connected to the same earphones. 
Both signals were taken through a “joy stick” 
toggle switch (dpdt) which S could move from 
side to side, connecting the earphones alternately 
to the two sound sources; when the switch was 
untouched, both connections were broken. 
Another switch enabled E to disconnect the 
earphones at will. 

The pure tone and complex tone signals were 
also led to the horizontal and vertical plates, 
respectively, of a cathode-ray oscilloscope. 
The purpose of this was to enable E to set the 
pure and complex tones at the same frequency. 
The two signals produced a Lissajous figure on 
the scope face; this rotated when the frequencies 
were unequal and could be made motionless by 
adjusting the frequency of either tone until 
they were equal. 

Stimuli.—At each of two frequencies, 250 cps 
and 700 cps, two complex tones were used. In 
one tone of the pair the high partials were 
present and were relatively strong; in the other 
tone only the lower partials were present. The 
spectra of the four tones are shown in Fig. 2. 
The tone with a fundamental frequency of 250 
and relatively strong low partials was designated 
250-L, the tone with the same frequency and 
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strong high partials was called 250-H, and those 
at the higher frequency were called 700-L and 
700-H. The spectra of the tones were deter- 
mined from measurements made with a wave 
analyzer (General Radio, Type No. 736-A). 

Subjects —The Ss were volunteers from the 
beginning psychology courses at the University 
of Missouri. After volunteering, they were used 
only if they scored above the 30th percentile on 
the Pitch Test (Form A) of the Seashore 
Measures of Musical Talents. Of those ac- 
cepted, six were later rejected because they 
could not make judgments within the range of 
the incremental frequency dial of the oscillator 
(+ 50 cycles). The Ss were randomly assigned 
to the two groups as they were accepted. There 
were 26 Ss in Group I (which judged tones 
250-H and 250-L) and 23 Ss in Group II (which 
judged tones 700-H and 700-L). 

Procedure—The apparatus was allowed to 
warm up for 30 min. before the beginning of each 
session. At the beginning of the session the 
oscillator was taken as a frequency standard and 
the pulse generator was set at the desired 
frequency (250 or 700 cps) by means of the 
Lissajous figure. At the start of each series of 
judgments on a tone S adjusted the intensity of 
the complex tone until it was equal in loudness 
to the pure tone (which was held constant at an 
intensity level of approximately 65 db). 

The task of S on each trial was to adjust the 
incremental frequency dial of the oscillator 
until the pure tone was equal in pitch to the 
complex tone. The setting of the incremental 
frequency dial plus the standard frequency was 
then taken as a measure of the pitch of the 
complex tone. One S might judge the 250 cps 
complex tone to be equal in pitch when the dial 


‘was at +7 (oscillator at 257 cps). For con- 


venience, the pitch of the complex tone would 
then be recorded as + 7. After each five trials 
the frequency calibration was checked and was 
re-done if necessary (this was rarely needed). 

Each S served in three periods of about 40 
min. each. The first was a practice session, the 
latter two were the regular experimental sessions 
(1 and 2). In the practice session S was first 
given the Seashore test. After this, the first 
practice task was to adjust the intensity of one 
of the complex tones until it was equal to the 
pure tone in loudness. Then the nature of the 
pitch judgment was explained and S made ten 
settings of equality. He then set the other 
complex tone equal in loudness to the pure tone 
and made ten pitch judgments forit. In making 
a pitch equation, S was allowed to alternate the 
tones as many times and at whatever rate he 
chose. 

In each of the following sessions (1 and 2), 
S made a loudness equation and 25 pitch 


TABLE 1 


Group Means anv SD’s (1n Cycles PER 
Seconp) or Equat-Pitcu Setrincs 
For Groups I anp II 











Group N | Tone | Mean SD 
I 26 250-L 5.88 13.85 
I 26 250-H 13.43 17.47 
II 23 700-L 6.39 19.74 
II 23 700-H 16.47 29.73 








judgments on each of the two complex tones in 
the pair. The order of tones was counter- 
balanced and in each group about half the Ss 
used each order. The £’s pre-settings of the 
incremental frequency dial were taken from a 
table of random numbers. An equal number of 
plus and minus settings was used and numbers 
from 0 to 30 in the table were used. 

The S sat with his arms resting on a table 
and manipulated the toggle switch with his left 
hand and the incremental frequency dial with 
his right. A cloth screen prevented his seeing 
the incremental frequency dial. The face of 
the oscilloscope was not visible to S, and on all 
calibrations E opened his switch so that S could 
never accidentally hear the tones. 


RESULTS 


All data for the pitch matchings are 
given in cycles per second above or 
below equality with the fundamental 
frequency of the complex tone.* The 
group means and SD’s for each tone 
are given in Table 1. Each mean 
gives the frequency of the pure tone 
when the frequency of the complex 
tone is taken as zero. On the average, 
each complex tone was heard as equal 
in pitch to a pure tone with a fre- 
quency higher than its fundamental. 
The size of the SD’s indicates im- 
portant individual differences; these 
are apparent in the four curves of 
Fig. 3, which gives the distributions 
of individual means on each tone. To 
take an extreme example, one S 
heard tone 700-H as equal in pitch to 


3 Detailed data on the results have been de- 
posited with the American Documentation Insti- 
tute. Order Document No. 4519, remitting 
$1.25 for microfilm or $1.25 for photocopies. 
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Distributions of individual 
means for each tone. 


a pure tone 38.8 cps lower in frequency 
while another S heard it as equal to a 
pure tone 79.9 cps higher in frequency. 
These graphs show the modes to be at 
the class interval with a mid-point of 
zero; most of the remaining means are 
in the plus range, and a few of these 
are rather high. 

There was also a wide variation in 
the SD’s of the 50 judgments of each 
S on each tone. The highest was 
43.7 and, on the other hand, one S 
obtained an SD of .14 on each of the 
two complex tones. The large SD 
came from an atypical S who gave all 
minus settings on that tone in the first 
session and all plus settings in the 
second session. The small SD was 
the result of 49 settings of 0 and one 
of + 1 on each tone. For the com- 
bined groups, 40% of the SD’s were 
below 5.0 and 75% were below 15.0. 
At 700 cps these SD’s were frequently 
higher for the H tone than for the L 
tone. This finding and the SD’s 
shown in Table 1 suggest that the 
pitch of the H tones was harder to 
judge than that of the L tones. 

The H tone was judged higher in 
pitch than the L tone by each group. 
The differences between tones, SE’s, 
and ?’s are shown in Table 2. The 
SE’s were computed directly from the 
differences, S by S, between the means 
for the two tones. Both of the group 
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TABLE 2 


Group DIFFERENCES BETWEEN TONES, 
SE’s, anv t’s ror Eacu Group 














Group N | Diff.qa —1) | SEa | t 
I 2% | 7.55 1.96 | 3.85 
II 23 | 10.08 2.88 3.50 











differences were significant at less than 
the 1% level of confidence. 

The distributions of differences are 
shown in Fig. 4. At 250 cps all the 
differences were in one direction (the 
H tone higher) or were zero; at 700 
cps the H tone was /ower in pitch for 
a few Ss. For a few Ss the tones 
differed in pitch by 35-40 cps. In 
Group I the tones differed significantly 
in pitch for 16 of the 26 Ss, in Group 
II for 15 of 23 Ss (5% level of 
confidence). 

Because each S served in two ses- 
sions the session-to-session differences 
in group means were obtained. Two 
of these were plus and two were minus 
and the largest (3.08 cycles) was not 
significant at the 10% level of con- 
fidence. 


Discussion 


Research workers in the sensory fields 
often assume that the range of individual 
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Fic. 4. Distributions, by individual, of 
differences between paired tones. 
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differences in basic sensory processes is 
rather narrow. To the writers the 
range of individual differences on each of 
the four tones seems to be an important 
indication of the complexity of the pitch 
process. Differences in past experience 
were perhaps the basis for the individual 
differences in the pitch of these tones. 

The basic finding to be evaluated is the 
difference between the H and L tones. 
It should first be pointed out that the 
differences in spectrum between the H 
and L tones were not highly systematic 
and the difference between the 250 cps 
tones was not the exact equivalent of the 
difference between the 700 cps tones. 

Two points will help in evaluating the 
size of the pitch differences between the 
HandLtones. The obtained differences 
are three to four times the size of the 
frequency DL’s for pure tones at these 
frequencies. In terms of the musical 
scale, the difference at 250 cps is equal 
to .26 whole tones; that at 700 cps is 
equal to .12 whole tones. These differ- 
ences are large enough to be important 
from the standpoint of musical per- 
formance. 

Probably the most important problem 
in the evaluation of these results is the 
possible influence of intensity on the 
pitch of complex tones. For all tones 
and all Ss, it should be remembered, the 
pure tone was at a constant intensity 


‘level. Each S, however, set the intensity 


of the complex tone to make it equal in 
loudness to the pure tone. Differences 
in these settings might have produced 
the pitch results if intensity does influ- 
ence pitch. 

A study by Lewis and Cowan (4) 
seems to indicate that intensity does 
not influence the pitch of complex tones 
on the violin and ’cello, but the validity 
of the study depends upon the assump- 
tion that the direction and magnitude of 
such effects would vary with frequency in 
the same fashion as those for pure tones 
(with frequencies equal to the funda- 
mentals of the complex tones). This 
does not seem to the writers to be a 
satisfactory assumption. An instance in 
which intensity did affect pitch is de- 
scribed by Fletcher (2). A 200-cps tone 
with five components changed in pitch 


by .17 whole tones when the loudness 
level was raised from 40 db to 100 db. 
In the present study, the variation in the 
intensity of the complex tones resulting 
from Ss’ equal-loudness settings was 
certainly much smaller than 60 db, and 
would therefore yield pitch variations 
(assuming Fletcher’s case is typical) 
much smaller than .17 whole tones. The 
obtained finding of .26 whole tones at 
250 cps is thus well beyond the possible 
effect of any intensity changes. 

If the intensity of complex tones did 
influence their pitch, a_ relationship 
should be found in the data of the 
present study between intensity level 
and mean pitch for the complex tones. 
The rank-order correlations between 
these two variables were obtained and 
are shown in Table 3. (Rank order 
correlations were necessary because the 
intensity dial on the amplifier showed 
arbitrary units of unknown value.) 
Most of these correlations were low and 
only one of them (for tone 700-H on 
Session 1) was significant at the 5% 
level of confidence. These cannot be 
interpreted as giving a final answer, but 
it does seem probable that the results of 
the experiment were .not due to the 
influence of loudness on pitch. 

It is not easy to reconcile the data of 
the present study with those of the 
previous study by Lichte (5). In the 
earlier study mo systematic differences 
were found at 180 cps, whereas at 360 
and 540 cps the obtained differences 
were in the opposite direction (tones 
with strong high partials were lower in 
pitch) from those of the present study. 
The differences in the spectra of the 
stimuli for the two studies are im- 


TABLE 3 


Rank Orper CORRELATIONS BETWEEN 
INTENSITY AND Pitcu oF 
CompLex Tones 











Tone N | Session 1 | Session 2 
20-L | 2% | o2 | .25 
250-H 26 35 .04 
700-L 23 — .37 } —,15 
700-H 23 — .49* — .03 


*p = 0S. 
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portant. None of the stimulus pairs at 
180 cps in the early study was closely 
similar in spectrum to those of the 
present study. The stimulus pairs at 
360 and 540 cps contained only eight 
and five partials, respectively, whereas 
in the present study tone 250-H con- 
tained over 25 partials and tone 700-H 
contained 19. In view of these differ- 
ences in stimuli, both as to spectrum and 
frequency, similar results are hardly 
required. Furthermore, the results of 
the early study are less reliable because 
of the smaller number of Ss. The two 
studies do agree in showing individual 
differences in pitch for any given complex 
tone. 

The present results support Banister’s 
statement (previously quoted) com- 
pletely and are probably in agreement 
also with the effect Helmholtz described. 

Although the influence of the in- 
tensity of complex tones on their pitch 
deserves investigation, the writers feel 
that the present study does show that 
the pitch of complex tones is influenced 
by spectrum. This fact seems to be of 
theoretical and practical importance. 
To explain the moderately large change 
in the pitch of a 250 cps tone when the 
periodicity of the wave does not change 
and when the point of greatest magnitude 
of response on the basilar membrane 
probably does not change is an added 
burden for either the frequency or the 
place theorist. From the practical 
standpoint, the findings are significant 
with regard to musical performance. 
Precision of intonation is much finer than 
.26 (or .12) whole tones; thus the musi- 
cian must, whether he knows it or not, 
take account of this effect in performance. 


SUMMARY 


The pitches of pairs of complex tones at 
fundamental frequencies of 250 and 700 cps were 


measured; one tone of each pair contained only 
the lower partials, the other contained many 
strong high partials. Pitch was measured by 
having the Ss adjust the frequency of a pure 
tone until it equalled the complex tone in pitch. 
The pure and complex tones were equally loud. 
The Ss were university students who ranked 
in the upper 70% on the Seashore pitch test. 
Twenty-six Ss judged the pitch of the tones at 
250 cps, 23 Ss judged the tones at 700 cps. 

Marked individual differences in pitch were 
found for each complex tone. At each fre- 
quency, the tone with the strong high partials 
was higher in pitch. The difference was equiva- 
lent to 8 cycles (.26 whole tones) at 250 cps and 
10 cycles (.12 whole tones) at 700 cps. 

The results did not seem to be caused by 
variation in the intensity settings of the complex 
tones. The overtone structure of a complex 
tone appears to influence its pitch to a degree 
that is of theoretical and practical significance. , 
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A rationale for predicting the 
manner in which control loadings can 
augment proprioceptive information 
arising from the movement of a control 
has been developed in another paper 
(2). The predictions regarding differ- 
ent types of control loadings are that 
(a) increasing the spring constant of 
a control will increase the accuracy 
with which its position is discrimi- 
nated, (4) increasing its viscous damp- 
ing will increase the accuracy with 
which its rate of motion is discrimi- 
nated, and (c) increasing its mass will 
increase the accuracy with which its 
acceleration is discriminated. The 
present paper attempts to test the 
prediction regarding the effects of 
spring loading upon the accuracy of 
positioning responses. 

When a control is spring loaded, 
the force required to maintain it in 


‘any given position is directly pro- 


portional to the displacement of the 
control with respect to some reference 
position. It is assumed that force 
can be used as a cue for a positioning 
response, and that the usefulness of 
this cue will vary as a function of the 
degree of discriminability among the 
forces associated with different posi- 


1This research was conducted in the Lab- 
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Research Foundation, monitored by the Air 
Force Personnel and Training Research Center. 
Permission is granted for reproduction, publica- 
tion, use, and disposal in whole or in part by or 
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tions. It is therefore hypothesized 
that the degree to which different 
spring loadings of a control effect 
accuracy in positioning a control is a 
function of the discriminability of the 
forces determined by a particular type 
of loading. 

Data regarding the accuracy of 
applying pressures to a _ semi-rigid 
control stick are available from a 
study by Jenkins (3) who used a 
method of average error. He found 
that the relative d/ decreased ap- 
preciably from 1 to 10 lbs. and was 
approximately constant at about .06 
beyond 10 lbs. From these data one 
can make two predictions regarding 
the comparative accuracy expected in 
the positioning of controls using vari- 
ous types of force displacement rela- 


tions. (a) Positioning errors should 
b Mer on the tothe xe | 
ecome smaller as the ratio T(AD) is 


increased, where / is the force required 
to achieve the specified displacement, 
and A/ is the force change associated 
with a given displacement change, 
AD. For example, greater position- 
ing accuracy should be achieved with 
a control in which an error of 1 in. in 
positioning the control is associated 
with a force change from 9 to 10 Ibs. 
than with a control in which a 1-in. 
error is associated with a force 
change from 19 to 20 lbs. (b) For 
any given ratio of AJ to J(AD), 
positioning errors should be less as the 
value of J is increased from 0 to 10 lbs., 
and errors should be relatively con- 
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stant for values of J above 10 lbs. 
For example, a control movement in 
which a positioning error of 1 in. is 
associated with a force change from 8 
to 10 lbs. should be made with greater 
accuracy than a movement in which 
the same displacement error is as- 
sociated with a force change from 4 to 
5 Ibs. 

These predictions must be qualified 
by several other considerations. 
Jenkins’ data were obtained with a 
control which was essentially isometric 
and thus the arm remained essentially 
fixed during the response. Effective 
pressure stimulation while the arm is 
in motion, however, is determined not 
only by the elasticity constant of the 
control, but by such other factors as 
(a) the mass and damping of the 
control, (b) the physical constants of 
the limb, and (c) the changing effect 
of these variables on receptors in the 
arm as a result of the changing 
geometry of forces during movement 
of the limb. 

Orlansky’s (4) conclusion that 
spring-loaded controls should be used 
in aircraft is in conformance with the 
present predictions. However, em- 
pirical tests of the effect of various 
spring constants upon accuracy of 
positioning movements have failed to 
confirm the above predictions in 
several instances. Weiss (5) found no 
significant effect of the spring constant 
of a control upon constant or variable 
errors of positioning responses, and 
concluded that distance is a more 
important cue than pressure in posi- 
tioning motions. However, in Weiss’ 
experiment the ratio of control dis- 
placement to relative pressure change 
was not evaluated, and visual in- 
formation regarding the extent of 
control motion was not excluded. In 
another study (2) changes in spring 
stiffness failed to produce significant 
changes in the accuracy of spatial 


reproduction of simple movements. 
However, in this study there was little 
opportunity ‘for learning since no 
knowledge of results was provided and 
only seven trials were given to each S. 

In the present study the relation 
between displacement and relative as 
well as absolute changes in torque of 
a spring-centered control was varied 
and the effect upon accuracy of posi- 
tioning movements determined. The 
design permits an evaluation of the 
relative importance of cues associated 
with amplitude of movement per se, 
of terminal torque per se, and of the 
rate of change of torque with am- 
plitude. Knowledge of results was 
provided during extended practice and 
all visual cues were eliminated. 


METHOD 
Apparatus 


A schematic diagram of the apparatus is 
shown in Fig. 1. Two types of spring loading 
were used. With one type tension was made to 
increase rapidly in any desired magnitude as the 
control was moved, through the use of inter- 
changeable plastic torsion rods. The spring 
constants of such rods are determined by their 
length and diameter. Rods could be preset so 
that any desired amount of torsion was present 















Torsion Rod 


Fic. 1. Schematic drawing of the apparatus, 
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TABLE 1 


Controt Loapincs Usep ror Eacu 
AmpLitupE or Motion 
































Torque at Terminal Position 
Torque at Starting , pa — 
>, si ; 
Position 0 50 100 200 
in.-lbs. in.-Ibs. | in.-Ibs. | in.-Ibs. 
0 in.-lbs. x x x x 
25 in.-Ibs. ae 4 
—_ 
50 in.-lbs. | | x | x 
a nnn ane oe Te ree 
100 in.-lbs. | | a 
| | 
200 in.-lbs. | | | x 








Note.—For the 50-50, 100-100, and 200-200 condi- 
tions the initial torques actually were slightly smaller 
than, but not discriminable from, the terminal torques. 


when the control was in its starting position 
and resting against a stop. 

Another type of spring loading was used in 
which the level of spring tension remained 
relatively constant for all positions of the control, 
i.e., the change in the length of the spring for 
various positions of the control was such a small 
fraction of the total length of the spring that the 
associated changes in force were not discrimi- 
nable. This type of loading was achieved by 
substituting 15-ft. long coil springs for the 
torsion rods. 

The arm control could be rotated a maximum 
of 90° clockwise in the horizontal plane. Move- 
ments could be recorded in three different ways. 
For the first method of recording, ‘a plastic rider 


‘was displaced along a degree scale as the control 


was rotated clockwise, and remained in position 
when the control was returned to its starting 
point. The maximum excursion of the control 
was read off the scale and the rider returned to 
its original position for the next movement. 
For the second method of recording, a pointer 
was attached so that it moved over the degree 
scale during the course of the movement. 
Angular position was read to ‘the nearest .5° as 
S attempted to maintain the control in a con- 
stant position. The third scoring method 
utilized graphic records obtained by means of a 
Sanborn recorder which responded to voltage 
changes across a potentiometer attached to the 
control shaft. 

The length of the arm control was adjusted 
to the arm length of each S. However, the 
forces exerted upon the control by Ss can be 
determined approximately by dividing ll 
torque values by 12, the average length. 


Procedure 


Each S was tested on each of 30 different 
conditions under two sets of instructions. 
Under the set of instructions employed in Part 1, 
Ss made a single rapid movement and returned 
the control immediately to its starting position. 
The maximum excursion of the control was 
recorded in this case. Under the instructions 
employed in Part 2, Ss could make corrective 
movements and the position of the control was 
recorded at the point at which S indicated he had 
completed these secondary adjustments. 

Part 1.—Seven male students at The Ohio 
State University, paid by the hour, served as Ss. 

The Ss were seated, the control handle was 
adjusted according to their arm length, and 
blackout goggles were placed over their eyes. 


70° Motions .¢ 
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Fic. 2. Relative torque change as a function 
of amplitude deviation. 
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They were instructed to move the control rapidly 
by the indicated amplitude, to return it im- 
mediately to its original position without cor- 
rective movements, and were told that the 
maximum excursion of each movement would be 
scored. An electric timer gave an auditory 
signal at 10-sec. intervals; Ss were instructed to 
initiate a new movement each time they heard 
the auditory signal. After each response S was 
told the amount by which he had overshot or 
undershot to the nearest .5°. Three amplitudes 
(17.5°, 35°, and 70°) of movement of the lower 
arm in the horizontal plane with the elbow 
fixed were studied, and ten combinations of 
initial and final torque were studied with each 
amplitude of motion. The ten torque conditions 
are indicated in Table 1. The relative torque 
change as a function of deviations from the 
designated amplitude are shown graphically in 
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Fig. 2 for all 30 conditions. These 30 combina- 
tions of torque and amplitude were given to each 
S in a different sequence selected from a table of 
random numbers. Each S served for 55 con- 
secutive trials on each condition; a rest period 
of 1 min. was given after each 11th trial. A rest 
period of at least 1 hr. was given at the end of 
each condition. 

Part 2.—Six male Ss served in Part 2. Three 
of these had served previously in Part 1. 

The 30 experimental conditions were the same 
as in Part 1, but they were administered to each 
S in a new random sequence. The Ss were now 
instructed to make corrective movements if they 
thought they had overshot or undershot the 
correct distance, and to say “now” when they 
thought they had achieved the correct position. 
This designated position was recorded to the 
nearest .5°, 


TABLE 2 


Averace AssoLuTe Error in Decrees Per Movement ror Movements 
or VaryInGc AMPLITUDE AND ToRQUE CHANGES 


The error for each S was computed separately and the data were then pooled for all Ss 




















Part 1 
Torque Change (in.-lbs.) 
Amplitude of 
otion 

0-200 | 100-200 | 200-200; 0-100 50-100 | 100-100; 0-50 25-50 | 50-50 0-0 
17.5° M .67 92 1.33 1.14 1.22 1.21 1.08 1.14 1.29 1.34 
; SD .29 35 48 .67 48 A 45 30 48 41 
35° M 1.11 1.73 2.22 1.61 1.44 1.59 1.90 | 2.29 | 2.01 1.88 
SD 33 47 79 44 57 52 .80 73 85 51 
70° M 1.87 2.11 2.32 2.53 2.32 2.52 2.60 | 1.78 | 2.24 2.94 
SD 54 84 64 93 83 .84 52 62 61 1.10 






































Note.—Using an estimate of error pooled for all 10 conditions for any one extent of motion the difference 
























































between means necessary for ¢ to be significant at p < .01 is .41 for 17.5°, .62 for 35°, and 1.05 for 70°. Correspond- 
ing values for p < .05 are .31 for 17.5°, .47 for 35%, and .79 for 70°. 
Part 2 
Torque Change (in.-Ibs.) 
Amplitude of 
Motion 
0-200 | 100-200 | 200-200| 0-100 50-100 | 100-100} 0-50 25-50 50-50 0-0 
17.5° M 61 .84 1.02 71 89 92 82 98 50 1.12 
7 SD 10 .26 .16 18 .06 .08 21 30 bd at 
35° M 1.05 1.31 1.75 1.14 1.27 1.41 1.23 1.24 1.46 1.54 
SD ll .26 34 14 34 .23 14 .28 .16 30 
70° M 1.39 1.48 1.84 1.56 1.84 1.43 1.91 1.54 1.41 2.30 
SD 30 53 40 27 47 a 39 .29 .20 .78 
| 
Note.—Using an estimate of error led for all 10 conditions for any one extent of motion the difference 
between means n for ¢ to be significant at p < .01 is .34 for 17.5°, .34 for 35°, and .46 for 70°. Correspond- 


! ecessary 
ing values for p < .OS are .25 for 17.5°, .25 for 35°, and .61 for 70°. 
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REsULTs AND Discussion 


Average errors were computed sep- 
arately for successive blocks of 11 
responses in all experimental condi- 
tions and learning curves plotted. 
From inspection it appeared that 
nearly all of the learning occurred 
during the first 22 responses on any 
condition. Of the remaining re- 
sponses in each condition, all except 
the first response immediately follow- 
ing each of the three rest periods (a 
total of 30 responses) were used in the 
analyses that follow. 

The average error (regardless of 
sign) in degrees per movement is 
shown in Table 2 for all conditions of 
Part 1 and Part 2. These data are 
pooled for all Ss and the error is com- 
puted with respect to the reference 
positions (17.5°, 35°, and 70°), not 
with respect to S’s own mean. 

The data in Table 2 for 27 of the 
30 conditions were analyzed separately 


TABLE 3 


ANALYsIS OF VARIANCE FOR UNCORRECTED 
Movements, Part 1 








; Mean Error 
Source df Square | Term F 


1. Amplitude (A)} 2 | 20.6950 5 |24.40** 
2. Terminal 
torque (T) 2 .8560 5 1.01 
3. Ratio of initial 
to terminal 





torque (R) 2} 1.0512] 12 | 1.96 
4. Subjects (S) 6 | 4.2860} 12 | 8.00** 
9 AXT 4 8481) 15 | 5.55** 
6. AXR 4 4350} 12 81 
7.AXS 12 6005} 12 | 1.12 
8. TXR 4 1.0013; 15 | 6.55** 
ae et. 12 0544} 15 36 
10..RxS 12 4726| 12 88 
11,.AXTXR 8 .2706| 15 | 1.77 
12,AXRXS 24 -5356| 15 | 3.51** 
13. AXTXS 24 2360; 15 | 1.54 
14.TXRXS 24 .2409| 15 | 1.58 
15. AXTXR 

x § 28 1528 

















Note.—The significance of all terms is tested against 
the next higher order term which is significant and 
which contains that term. 

** Significant at p < .01. 


TABLE 4 


ANALYsiIs OF VARIANCE FOR CoRRECTED 
Movements, Part 2 











Source | ay | can, | Error |p 
1. Amplitude Pooled 

(A) 2 | 7.6724 |6 and 7/40.78** 
2. Terminal 

torque (T) | 2] .0183 8 .38 
3. Ratio of ini- 

tial to ter- 

minal Pooled 

torque (R) | 2] .4840|6 and 8} 1.29 
4, Subjects (S) 5 | .5215 7 3.40* 
5 AX ST 4] 0322} 15 | .44 
6 AXR 4 .2750) 15 3.73* 
7,.AXS§S 10} .1534] 15 2.08 
8 TXR 4| 4762) 15 6.45** 
9TxS 10 | .0597; 15 81 
10..RXxS 10 | .1295) 15 1.75 
11..AXTXR 8 | .0851 15 1.15 
12,AXRXS 20 | 0693} 15 94 
13.AXTXS 20 | .0416| 15 56 
14.TXRXS 20 | .0586} 15 79 
15.5 AXTXR 

xs 40 | .0738 

















Note.—The significance of all terms is tested against 
the next higher order term which is significant and 
which contains that term. 

* Significant at p < .05. 
** Significant at p < .01. 


for Part 1 and Part 2 by means of a 
four-factor analysis of variance design 
with repeated measures on the same 
Ss. Variance among Ss was one of 
the four factors; the others were (a) 
amplitude of movement, (b) torque 
at termination of movement, and (c) 
ratio of initial to terminal torque. 
The conditions of zero spring loading 
were not included since they repre- 
sented a special case; both analyses 
thus included 27 conditions (3 am- 
plitudes X 3 terminal torques X 3 
ratios of initial to terminal torque). 
The results of the two analyses are 
shown in Tables 3 and 4, respectively. 

With terminal torque held constant, 
average absolute error increases with 
amplitude of motion, and this increase 
is highly significant for both analyses. 
However, the ratio of average error 
to amplitude of motion decreases with 
amplitude. The relative error is 
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6.48%, 5.05%, and 3.31% for 17.5°, 
35°, and 70° of movement, respec- 
tively, in Part 1, and 5.03%, 3.38%, 
and 2.39%, respectively, in Part 2. 

The poorest mean accuracy for 
movements of any given amplitude 
was consistently found for the condi- 
tions of zero spring loading for all Ss. 
Of the 54 conditions in which some 
spring loading was used, only three 
conditions gave higher average errors 
than the movements of comparable 
amplitude involving no spring loading, 
and these three instances are probably 
accounted for by chance variations in 
performance. 

The effects of absolute and relative 
torque change per degree of movement 
are similar for both methods of 
executing the movement, and are in 
the direction predicted by the original 
hypotheses. High ratios of terminal 
to initial torque generally resulted in 
small terminal position errors for the 
17.5° and 35° amplitudes of motion. 
In Part 2 the effect of torque ratio 
was not significant when tested against 
the interaction of torque ratio with 
movement amplitude, but the latter 
interaction is significant at the .02 
level of confidence when tested against 
the third-order interaction term. 
This interaction apparently arises 
from the fact that torque change is 
relatively more beneficial with small 
than with large movement amplitudes. 
In the case of uncorrected movements 
(Part 1) the differences are all in the 
same direction as in Part 2, and the 
interaction of amplitude with torque 
ratio is significant when tested against 
the third-order interaction term. 
However, S variability for this inter- 
action effect is significant as indicated 
by the triple interaction term of 
Ss X amplitude X torque ratio, and 
the effects of torque ratio and torque 
ratio X amplitude interaction are not 
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significant when tested against this 
triple interaction term. 

High ratios of terminal to initial 
torque are more effective in reducing 
errors when terminal torques are 
larger, i.e., when the absolute torque 
change per degree of movement is 
greater. This is indicated by the 
interaction of torque ratio X terminal 
torque which is significant at the .01 
level of confidence for both parts of 
the experiment. 

A graphic presentation of the 
effects of torque changes upon accu- 
racy of positioning the control is 
shown in Fig. 3. In plotting this 
graph, data for conditions involving 
equal relations between position error 
and percentage of torque change, 
Faby have been combined from both 
parts of the experiment regardless of 
the torque at the terminal position. 
Thus for each amplitude of movement 
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TABLE 5 


Trenp ANALYSIS FOR THE Errect or Retative Torque CHANGE 
upPON PosiTIoninc Error 











17.5° Motions 35° Motions 70° Motions 
Source of Variance df 
Mean F Mean F Mean F 
Square Square Square 





Between means for individuals 
Between slopes for individuals 
Between group means 

Between group slopes 

Over-all slope 

Over-all deviations from linearity 
Group deviations from estimation 
Individual deviations from estima- 


— 


——— ss 


tion 11 0.44 








2.56 5.82* 4.68 7.43* 2.87 0.72 
0.12 
5.81 
0.10 0.23 0.01 0.02 0.11 0.03 
4.36 991° 9.21 | 14.62* 0.01 0.00 
0.03 
0.19 


0.27 0.24 0.38 0.40 0.10 
13.20* | 17.53 | 27.83* | 37.29 9.42 


0.07 0.02 0.03 1.45 0.37 
0.43 0.42 0.67 1.83 0.46 


0.63 3.96 




















* Significant at the p < .01 level of confidence when tested against respective individual deviations from 


estimation. 


torque conditions are combined, the 
25-50, 50-100, and 100-200 condi- 
tions are combined, and the 0-50, 
0-100, and 0-200 conditions are 
combined just as in Fig. 2. Each 
point on the graph thus represents a 
weighted average of the data collected 
under six conditions, three taken from 
each of the two parts of the ex- 
periment. 

The significance of the slopes shown 
in Fig. 3 was tested by means of an 
Alexander trend analysis (1). The 


results of this analysis are shown in 


Table 5. The over-all slope is signifi- 
cant at p < .O1 for 17.5° and 35° 
motions, but not -for 70° motions. 
None of the slopes show reliable de- 
partures from linearity, and the slopes 
do not differ significantly for corrected 
and uncorrected movements of the 
same magnitude. In view of the 
latter result, the pooling of the data 
for corrected and uncorrected move- 
mefits appears to be justified in 
examining slope effects. 

The graph illustrates the combined 
effect of relative and absolute torque 
changes, since the conditions involving 
larger relative torque changes also 
involve larger absolute torque changes. 


It should be noted, however, that 
mean terminal torque is the same for 
all of the nine points plotted in Fig. 3. 
Independent plots of the effects of 
relative and absolute torque change 
per degree of movement would only be 
warranted if data were collected under 
a large number of conditions and on a 
larger sample of Ss. The treatment 
of the data shown in Fig. 3 indicates 
clearly the beneficial effects of torque 
changes upon the accuracy of the 17.5° 
and particularly on the 35° move- 
ments. For the 70° movements no 
such effect is apparent. 

Constant errors were analyzed in 
the same manner as variable errors. 
All of the mean errors were quite 
small in magnitude and none of the F 
ratios were significant at the .05 level 
of confidence. It appears that Ss 
are able to reduce their constant 
errors to a minimum when immediate 
knowledge of results is given and 
when a large number of responses are 
made in succession on the same 
condition. 

The results lend confirmation to the 
initial hypotheses. It appears that 
torque changes furnish very useful 
cues for the type of movements 
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studied, provided the relative change 
of torque per degree of error in posi- 
tion is not less than approximately 
3%, and the absolute torque change 
equals approximately 6 in.-lbs. per 
degree of movement. Smaller rela- 
tive changes might be useful with 
larger absolute changes and vice versa. 

It is concluded that three variables, 
(a) amplitude, (b) terminal torque, 
and (c) relative torque change per 
unit of amplitude change, all influence 
the accuracy of positioning motions. 
Several of the interactions among 
these variables also appear to be 
important. 


SUMMARY 


This study investigated accuracy of position- 
ing a horizontal arm control as a function of 
changes in the torque-displacement relation of 
the control. It was found that positioning 
errors were smallest when the ratio of relative 
torque change to displacement is largest, 
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particularly if the absolute change of torque 
with displacement is also large. 

It is concluded that control forces opposing a 
movement can provide useful cues in learning to 
execute different amplitudes of movement, and 
that their usefulness depends upon the relative 
and absolute torque change per unit of control 
motion. 


REFERENCES 


1. ALexanper, H.W. A general test for trend. 
Psychol. Bull., 1946, 43, 533-557. 

2. Banrick, H. P., Firrs, P. M., & ScHNEIDER, 
R. The reproduction of simple move- 
ments as a function of factors influencing 
proprioceptive feedback. J. exp. Psy- 
chol., 1955, 49, 445-454. 

. Jenxins, W. O. The discrimination and 
reproduction of motor adjustment with 
various types of aircraft controls. Amer. 
J. Psychol., 1947, 60, 397-406. 

4. Ortansxy, J. Psychological aspects of stick 
and rudder controls in aircraft. Aero. 
Engng Rev., 1949, 8, 1-10. 

5. Weiss, B. The role of proprioceptive feed- 
back in positioning responses. J. exp. 


Psychol., 1954, 47, 215-224. 


w 


(Received for early publication March 3, 1955) 





» by S in at least two ways. 





Journal of Experimental Psychology 
Vol. 49, No. 6, 1955 


REPRODUCTION OF SIMPLE MOVEMENTS AS A 
FUNCTION OF FACTORS INFLUENCING 
PROPRIOCEPTIVE FEEDBACK! 


HARRY P. BAHRICK, 


Ohio Wesleyan University 
PAUL M. FITTS AND RONALD SCHNEIDER? 
The Ohio State University 


Hypotheses regarding the role of 
proprioception in skilled motor per- 
formance are not easily accessible to 
experimental verification because of 
the difficulty of controlling the proxi- 
mal stimulus. Apart from techniques 
employing surgery or drugs the most 
promising approach to this topic ap- 
pears to be that of varying the type 
and degree of resistance to movement 
offered by a control which S uses in 
the performance of a motor task. 
The nature of this resistance is a 
function of four physical properties of 
the control—the mass, viscosity, 
elasticity, and degree of coulomb 
friction associated with its movement 
—and these physical parameters can 
all be controlled independently by E£. 

Proprioceptive information is used 
If move- 
ments continue for more than the 
duration of a reaction time, proprio- 
ceptive feedback arising during the 
initial phases of a motor response may 
provide knowledge useful in regulating 
later phases of the same movement 
sequence. This use of proprioceptive 
information therefore aids S in the 
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regulation of continuing activity. 
The other use of proprioceptive in- 
formation can apply to movements of 
any duration. It refers to the facil- 
itating effect of proprioception on the 
learning of a particular motion, which 
enables S to organize and initiate a 
sequence of motor activity with more 
appropriate force and timing as prac- 
tice continues. 

With respect to both ways in which 
proprioceptive information may be 
used, it is hypothesized that, within 
limits, an increase in the resistance to 
movement offered by a control should 
facilitate performance by increasing 
the discriminability of different pat- 
terns of control movement. This 
effect is achieved at the expense of 
increasing the range of forces required 
of a movement, since control loading 
is in all instances an additive effect. 
The direction of the hypothesized 
effect is, of course, contrary to what 
would be predicted from a thesis of 
minimal effort. It is assumed that an 
increase in the range of forces required 
in a graded or patterned activity in- 
creases the number of absolutely 
discriminable response categories by 
increasing the range of intensities of 
proprioceptive feedback which can be 
associated with the execution of 
different response patterns. 

Several studies (2, 4, 5, 6, 7, 8, 9) 
have investigated accuracy of move- 
ment as a function of the physical 
characteristics of controls, although 
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the tracking study by Howland and 
Noble (6) is the only one in which the 
effect of three parameters (elasticity, 
damping, and mass) of a control were 
investigated concurrently. 

The purpose of the present study 
was to determine the effect of three 
different kinds of resistance to move- 
ment offered by a control on the 
ability of Ss to replicate simple move- 
ments with the control. The Ss were 
instructed to make simple triangular 
and circular movements in time to a 
metronome. Their movements were 
scored for spatial and temporal ac- 
curacy of reproductions based on 
proprioceptive memory. 

The following hypotheses were 
tested: (a) accuracy in moving a 
control to a prescribed position is 
increased by increasing the elasticity 
of a control; (b) accuracy in maintain- 
ing a prescribed rate of motion is 
increased by adding viscous damping 
ormasstoacontrol. More generally, 
these hypotheses propose that elastic- 
ity added to a control should lead to 
improved spatial accuracy of move- 
ments, while damping and mass added 
to a control should lead to improved 
temporal accuracy of movement. 


Each of chese hypotheses is suggested 
by a corresponding physical relation 
(3, p. 1317). Thus (a) the relation 
between the torque applied to a control 
and the resulting positional displacement 
is a function of the elasticity of the 
control, (4) the relation between applied 
torque and the resulting rate of motion 
is a function of viscous damping, and 
(c) the relation between applied torque 
and resulting acceleration is a function 
of the mass (or the moment of inertia) 
of the control. Briefly, the relations 
among the physical parameters of the 
control, the intensity of stimulation 
arising from proprioceptive feedback, 
and the predicted effects on movement 
accuracy can be illustrated by consider- 
ing the nature of the control forces that 


oppose a time-varying torque LZ; applied 
by S to the handle of a control such as 
that used by Howland and Noble (6). 
Disregarding for the moment the mass, 
viscosity, elasticity, and coulomb friction 
of the arm, the time-varying torque (L,) 
applied by S is opposed by the mass, 
viscosity, and elasticity of the control in 
the manner indicated by a system 
equation of the form 


d0 a9 

L, = K0+ 8B 7 + J 7? (1) 
where K is the constant of elasticity, B 
is the constant of viscosity, J is the 
moment of inertia of the control, and 0 
is the angular displacement of the control 
handle with respect to some neutral 
(spring-centered) position. The dy- 
namic relations expressed by this equa- 
tion can be illustrated by considering the 
case in which a constant torque ZL, is 
applied to a control which possesses no 
spring loading. Sincein this case K = 0, 
the torque applied to the control at the 
point of contact with S’s limb would be 
opposed by equal forces proportional to 
(angular) rate and acceleration of mo- 
tion, but not by any forces proportional 
to angular displacement. Here S would 
derive no additional proprioceptive cues 
which could aid him in learning to 
associate a particular torque with a 
particular displacement of the control. 
If the control possesses a large K factor, 
however, a constant applied torque will 
cause it to come to rest with a specific 
terminal displacement, a position for 
which LZ, = K@, and this terminal posi- 
tion can become associated with the 
proprioceptive stimulation arising during 
the response made with this particular 
applied torque. Thus, the K factor of 
the system provides a basis on which S 
may be able to learn to discriminate 
among various terminal control positions. 
The argument for the effect of damp- 
ing and mass on learning to use pro- 
prioceptive cues is similar to that for 
elasticity. If the control possesses no 
damping characteristic, the constant 
torque applied to the control handle 
would be opposed only by torques pro- 
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portional to displacement and accelera- 
tion. Thus, this type of control would 
not provide cues that could become 
associated with a particular rate of arm 
motion. However, if we assume a large 
damping constant but no elasticity and 
minimum inertia, any constant torque 
applied to the control would result in a 
corresponding constant rate of motion, 
so that L,; = Bdé/dt. The conditions 
for learning and performance are thus 
maximized with respect to rate of motion 
when we use a large damping constant 
since rate is now almost direétly pro- 
portional to torque and since we have 
also increased the range of discriminable 
forces which the arm is required to 
produce. All systems will, of course, 
possess some inertia, and therefore the 
application of a constant torque will not 
immediately result in a constant rate of 
angular motion. If the system also 
possesses some K, the constant torque 
applied by S will result in a gradually 
decelerating, rather than a constant, rate 
of motion and these variations will tend 
to interfere with the association of a 
particular rate with a particular applied 
torque. 

Finally, the presence of inertia in the 
system will enable S to associate various 
torques with corresponding accelerations 
provided that B and K in the system are 
small. The presence of substantial 


damping or elasticity constants in the 


system would limit this possibility. 


The preceding discussion is some- 
what hypothetical because previous 
experiments (2, 8) have shown that it 
is difficult for S to exert a constant 
torque against a movable control 
particularly at higher velocities, prob- 
ably due in part to the fact that he 
must also accelerate the mass of his 
own arm. Although this practical 
limitation does not necessarily limit 
the value of the theoretical analysis, 
it should be kept in mind, neverthe- 
less, that we are considering the effect 
of adding elasticity, damping, and 
mass to a control, and that these 
additional loads augment the physical 


characteristics of the limb itself. If 
the former effects can be predicted, 
then it could be postulated further 
that the effects of elasticity, damping, 
and mass internal to the arm itself are 
similar to those arising from the 
addition of such constants to an 
external control. 


METHOD 


A pparatus.—A schematic drawing of the joy- 
stick control is shown in Fig. 1. The maximum 
radius of control movement was 9 in. Four 
identical springs were attached at right angles 
to each other at point S on the control stick. 
With this type of spring attachment an equal 
torque in any direction will displace the control 
an equal distance from its center position. 
Twelve sets of springs, differing in spring con- 
stant, were used. Damping was produced by 
attaching hollow aluminum drums of three 
diameters (3 in., 5} in., and 8} in.) to the lower 
end of the control and by filling the tank with 
water. Holes were pierced in the surface of the 
drums in order to minimize turbulence and 
backflow in the water. Inertia was controlled 
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Fic. 1. Schematic drawing of the apparatus. 
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by adding equal amounts of lead weights to the 
control at positions E and F (Fig. 1) equidistant 
on either side of the fulcrum. 

Two easily removable visual guides (G in 
Fig. 1), one triangular and the other circular, 
were used to indicate to S the required patterns 
of movement. They were made of rubber 
strands fastened by thread to a larger wooden 
frame. The control knob could be moved 
directly along the periphery of these guides. For 
the circular guide the rubber strand was attached 
to the frame by means of 32 strings, so that the 
guide was actually an equilateral polygon of 32 
sides. The coefficient of elasticity of the rubber 
guides was so small that they did not provide any 
substantial kinesthetic stimulation when touched 
by the control, and therefore provided visual 
guidance only. 

An electric metronome provided an auditory 
signal which was used to pace S’s speed of move- 
ment during practice trials. A black curtain 
could be dropped between S’s face and the 
control to aid in minimizing visual cues. 

Two small lights were mounted side by side 
on top of the joystick (L in Fig. 1). One light 
remained on continuously while the other was 
flashed intermittently at a rate of 5.6 times per 
second. 

A 16-mm. camera was mounted 27 in. 
directly above the center position of the joystick 
(C in Fig. 1). It had a wide angle lens and a 
single-frame time exposure attachment. Each 
triangular or circular movement of the control 
was recorded on a single frame of 16-mm. film as 
two lines traced by the lights, one continuous 
and the other intermittent. Tracings of typical 
records for circular and triangular control 
movements are shown in Fig. 2. 

Procedure——A preliminary study was con- 
ducted to determine values of K, B, and J that 
were equated with respect to subjective judg- 
ments regarding the amount of “effort” involved 
in executing circular and triangular movements 


» 8 


Fic. 2. Typical record of a triangular and a 
circular motion. The continuous line indicates 
the path of the tip of the joystick control; the 
distance between dots is the distance travelled in 
18 sec. 


under different conditions of control loading. 
A variation of the constant stimulus method was 
employed with nine groups of 10 Ss each. 
Separate values of the control constants were 
determined for the two types of movements, 
circular and triangular. A more detailed ac- 
count of the procedure in the preliminary study 
is given elsewhere.* 

In the experiment proper the accuracy of 
movement reproduction was studied as a func- 
tion of the type and degree of control loading. 
A triangular movement was studied under nine 
conditions—three values of K, three values of B, 
and three conditions of J. The three values of 
K were selected arbitrarily. These were 40, 80, 
and 160 in.-oz. per degree of displacement of the 
control from the center position. Each of the 
values of K was then matched to a corresponding 
value of B and J on the basis of the data from 
the preliminary psychophysical study. Only 
one type of physical constant was employed at a 
time. A circular movement was studied in a 
similar manner, under three values of K and 
three corresponding values of B. The conditions 
of added mass were not included in this part of 
the experiment because the preliminary study 
indicated that in the case of a circular movement 
the amount of mass required to produce sub- 
jective equality of effort, as compared to K and 
B effects, exceeded the capability of the ap- 
paratus at the speeds employed. 

Twenty male and 20 female volunteer novice 
undergraduate students at Ohio Wesleyan Uni- 
versity served as Ss under all 15 experimental 
conditions. Sequential effects were controlled 
by assigning a different sequence of conditions, 
obtained from a table of random numbers, to 
each S. 

Immediately preceding each series of test 
trials each S was given three practice trials in 
making the triangular or circular movement, 
using the visual guides described earlier. The 
value of spring, damping, or mass to be used 
during the test trials was present during practice 
trials. All practice trials on the triangular 
movements were paced by the metronome at a 
rate of 176 beats per minute, and Ss were 
instructed that each side of the triangle should 
be completed in two beats. The metronome 
was set at 138 beats per minute for the circular 
movements and Ss were instructed to traverse 
each quadrant in one beat. 

Following each set of practice trials the 
metronome and guide were removed, the curtain 


3A more detailed description of the psycho- 
physics procedure has been deposited with the 
American Documentation Institute. Order 
Document No. 4518, remitting $1.25 for micro- 
film or $1.25 for photocopies. 
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TABLE 1 


Scores Dertvep rrom ANALYSES OF PuotocraPpHic Recorps or MovemENT 








Score Measure Taken from Each Motion 


Scores for the Individual 





Triangular Motions 





la, 1b, Ic Maximum speed on sides a, b, 
and c, respectively 
2 Same as for la, lb, Ic 
3 Total movement time for a trial 


4 Same as for (3) 
5a, 5b, 5c 


c, respectively 


Spatial position of sides a, b, and 


Variability of measures a, b, and c, respectively, 
over seven trials 

Variability among a, b, and c within a single 
trial averaged for seven trials 

Mean of seven successive trials 

Variability among seven successive trials 

Median position error for seven successive trials 
for a, b, and c, respectively 








6a, 6b, 6c Same as for 5a, 5b, 5c Variability among seven successive trials for a, 
b, and c, respectively 
Circular Motions 
7 Maximum and minimum speed | Difference between maximum and minimum 
exclusive of initial and final | speed within a given trial averaged for seven 
acceleration trials 
8 Same as for (7) Difference between maximum and minimum 
speed at any time over seven successive trials 
9 Total movement time for a trial | Mean of seven successive trials 


Same as for (9) 


10 
lla, 11b, lle | Radius at 90°, 180°, and 270° 
(movement starts at 0°), re- 


spectively 


12a, 12b, 12c, | Radius at 45°, 135°, 225°, and 
12d 


315°, respectively 





Variability among seven successive trials 
Median radial error for seven successive re- 
productions for a, b, and c, respectively 





Radial error variability over seven successive 
trials for a, b, c, and d. 





was placed between S’s face and the control, and 
the room was darkened. The S was instructed 
to duplicate the movement just practiced, 
paying attention both to spatial pattern and to 


.timing. The £ returned the control to the 


starting position after each trial and gave no 
knowledge of results. Seven trials, exclusive of 
the practice trials, were given for each of the 15 
conditions. There was a 5-sec. interval between 
trials. During each test trial the movement 
was photographed by the 16-mm. motion picture 
camera, using a single frame time exposure for 
each trial. A 30-sec. rest interval was given 
between conditions. 

Scores obtained from photographic records.— 
Each record was projected on a screen and 23 
measures of temporal and spatial accuracy, in- 
cluding measures of mean and median error and 
variability, were computed. These measures 
are listed in Table 1. 


RESULTS 


Means and SDs for each type of 
score and each control condition are 


reported in Table 2 for the triangular 
motions and in Table 3 for the circular 
motions. A separate analysis of vari- 
ance for repeated measures on the 
same S was performed for each of the 
12 scores computed for the triangular 
motions. In each analysis the signifi- 
cance of variation among the three 
parameters of elasticity, damping, and 
mass was first tested. Parameter 
variance was evaluated against the 
first order parameter X S interaction 
with 2 and 2 X 39 df. Next, the 
significance of the variation among the 
three spring conditions, among the 
three damping conditions, and among 
the three conditions of mass was 
tested. For these tests the variance 
among the three conditions of a 
parameter was evaluated against the 
respective conditions X S interaction 
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with 2 and 2 X 39 df. In order to 
conserve space only the p values 
corresponding to the obtained F 
ratios are given in Table 2 for each of 
the 13 analyses. 

Comparable analyses were per- 
formed for the 11 types of scores ob- 
tained from the circular motions. 
Significance of the variation between 
the parameters of elasticity and damp- 
ing was first evaluated against the 
parameter X S interaction with 1 and 
1x 39 df. Variation among the 
three conditions of elasticity and 
among the three damping conditions 
was then evaluated separately against 
the respective S X condition inter- 
action variance with 2 and 2 X 39 df. 
The p values computed for the ob- 
tained F ratios are reported in Table 3. 


Triangular Movements 


Temporal accuracy.—Uniformity of 
peak speed over seven trials in each 
leg of the triangle was improved 
significantly by the damping condi- 
tions and by the conditions of in- 
creased mass in the control, while the 
spring-loaded conditions resulted in a 
significant decrease in response uni- 
formity. The effect of changing the 
level of K, B, and J on peak speed 
uniformity was in the same respective 
directions, was consistent for all three 
sides of the triangle, and was signifi- 
cant at least at the .02 level of con- 
fidence for seven of the nine compari- 
sons. However, no significant differ- 
ences were found over seven successive 
trials in the variability of the time 
taken for the entire movement. An 
increase in the magnitude of either 
mass or damping tended to increase 
the total time for all movements, while 
increasing spring tension decreased 
total movement time by a small, but 
nonsignificant amount. 

Spatial accuracy.—In general the 


different loading conditions resulted 
in nonsignificant differences in spatial 
accuracy. Significant differences be- 
tween control parameters were ob- 
tained only for the first leg of the 
triangle with largest value of K 
leading to the smallest spatial error. 


Circular Movements 


Temporal accuracy.—Variability of 
rate within a single movement was 
significantly smaller with damped 
conditions than with spring-loaded 
conditions. The greater the value of 
B the smaller the variability of rate; 
the greater the value of K the greater 
the variability of rate. These effects 
of increasing B and K, which are in 
accordance with the original hy- 
potheses, are significant at the .0l 
level of confidence. Significant differ- 
ences were also obtained for measures 
of variability in rate among successive 
reproductions. However, the vari- 
ability in total movement time was 
not significantly different between B 
and K_ conditions, and was not 
significantly affected by variation in 
the level of B and K. Total move- 
ment time was increased by a signifi- 
cant amount under the damping 
conditions; it also increased signifi- 
cantly for the larger values of B, and 
decreased by a small amount for the 
larger values of K. 

Spatial accuracy.—As was the case 
for triangular movements, the differ- 
ent loading conditions resulted in 
general in nonsignificant differences in 
spatial accuracy of replication. Only 
in the second quadrant of the circle 
did spring-loading conditions result in 
a significantly smaller median radial 
error than the damping conditions. 


Discussion 


Of the 23 separate scores computed 
for the two types of movement 10 were 
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measures of temporal characteristics and 
13 were measures of spatial character- 
istics. The timing measures consistently 
revealed statistically significant differ- 
ences (a) among the three control 
parameters and (4) within the three 
levels of each parameter. Significant 
effects in the variability of temporal 
aspects appeared within the different 
segments of movements, however, and 
not in the over-all time to complete the 
movements. None of the measures of 
spatial characteristics of movements 
revealed significant variability within 
levels of any of the three parameters, and 
only one measure revealed a difference 
among the three parameters that was 
significant at the .01 level of confidence. 

The following conclusions are drawn 
regarding the significant effects on the 
time measures resulting from the addition 
of mass, damping, and stiffness to a 
control: (a) Under conditions of damping 
a particular movement tends to be made 
at a significantly more uniform rate, and 
the maximum rate attained from one 
movement to the next is also more 
uniform; (4) movements made with a 
control having added mass are made at 
more uniform speed, and the peak speed 
tends also to be more uniform from one 
movement to the next; (c) the addition 
of spring stiffness impairs the mainte- 
nance of uniform speed, and increases 


‘variability in maximum attained speed. 


In general, these effects were uniformly 
progressive for each of the three levels 
within each parameter, maximum mass 
and maximum viscosity being maximally 
beneficial and maximum spring constant 
being maximally harmful. 

The observed effects of damping and 
mass are in agreement with the predic- 
tions. The differential effects produced 
by varying the amounts of damping and 
of mass further substantiate the inter- 
pretation that damping and mass facili- 
tate rate and acceleration discrimina- 
tions, respectively, whereas elasticity 
makes such discriminations more diffi- 
cult. These relative effects of varying 
amounts of mass, spring, and damping 
are discussed in detail in another paper 
(now in preparation). 


It is possible, however, to interpret the 
effects of damping and mass without 
hypothesizing that the effect is related 
to the use of proprioceptive information. 
The addition of damping to a control 
requires § to exert a greater force in order 
to move the control at any prescribed 
rate. Thus, increased discriminability 
is achieved by requiring the motor 
system to operate over a greater range of 
forces. The general reduction of average 
speed for all movements with increased 
damping or mass is probably due to this 
physical effect, and it is possible that the 
decreased variability in the temporal 
aspects of movements under these condi- 
tions could be determined by the slower 
rate of motion and not by variations in 
proprioceptive feedback attributed to the 
loading conditions. In order to test for 
this possibility one temporal variability 
measure (Score 1) was re-examined by 
the method of analysis of covariance 
which makes it possible to control for 
movement time. No substantial changes 
in F ratios resulted, and all four of the F’s 
remained significant at the .01 level of 
confidence. It is concluded, therefore, 
that the mechanical effect which tends 
to reduce the average speed of motion is 
not directly responsible for the decreased 
variability in timing obtained with the 
conditions of added damping and mass. 

The effect of spring loading observed in 
the present study lends some support to 
the hypothesis that the spring should 
improve spatial accuracy, but the effects 
for this physical parameter are generally 
inconclusive since the use of a spring- 
loaded control and variations in the 
magnitude of the spring constant did not 
consistently reduce variability of spatial 
aspect of movement for either the tri- 
angular or the circular movements. 
Several interpretations of these results 
for the spring constant are possible. It 
may be true that spring loading does not 
lead to significant improvement in posi- 
tion discriminations under any circum- 
stances. Or improvement may be ob- 
tained only with extended practice and 
knowledge of results. Since the present 
results are confined to a few test trials 
without knowledge of results and were 


< 





454 


preceded by only a few practice trials, 
they do not provide an answer to the 
above alternative interpretations. How- 
ever, a subsequent study (1), which 
investigated the effects of spring loading 
upon terminal accuracy of simple rotary 
arm motions, has demonstrated the 
effectiveness of this type of loading when 
practice is extended and knowledge of 
results are given. 


SUMMARY 


This study tested the hypotheses that elastic- 
ity added to a control should lead to improved 
spatial accuracy of movements, while damping 
and mass added to a control should lead to 
improved temporal accuracy of movement. 
These hypotheses are derived from the fact that 
the physical parameters of spring stiffness, 
damping, and mass characterizing a control 
determine proportionality relations between 
applied torque and changes in the position, rate 
of motion, and acceleration, respectively, of the 
control. This proportionality provides a basis 
for learning to associate a given torque with a 
given characteristic of the movement. 

To test these hypotheses Ss performed simple 
circular and triangular control motions with a 
joystick when the control was loaded with 
various degrees of spring stiffness, or damping, 
ormass. Three levels of each control parameter 
were equated originally by means of a psycho- 
physical procedure so that movements opposed 
by each of the three physical factors were 
judged by Ss to involve equal “effort.” 

In each control loading condition the move- 
ments were first practiced for three trials with 
the help of a visual guide and paced by means of 
a metronome. The visual and auditory guides 
were then removed, and Ss were instructed to 
reproduce the motions as accurately as possible. 
Photographic records of all motions were 
measured for accuracy of temporal and spatial 
reproductions. It was found that an increase of 
viscous damping or of inertia of the control 
resulted in greater uniformity of speed within 
individual motions, and also in greater uni- 
formity of speed in successive reproductions of 
the same motion. 
motions increased mass and increased damping 
led to greater uniformity of peak velocity on 
each side of the triangle on successive trials. 
Increased damping and mass also led to slightly 
lower average velocities of motion, but an 
analysis of covariance on Score 1 indicated that 


In the case of the triangular . 
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the reduction in temporal variability was still 
significant when the effect of movement time 
was controlled. These results support the 
hypotheses regarding the utilization of pro- 
prioceptive information. 

The effect of spring loading upon spatial 
accuracy of the reproduced motion was in general 
not significant. It is suggested that extended 
practice with knowledge of results are needed for 
effective utilization of cues provided by spring 
loading. The beneficial effects of mass and 
viscosity might, of course, also increase with 
extended training. 
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